
Index to Current Science, Volume 70, January-June 1996 


AUTHOR INDEX 


Abhyankar, K. D. 257 (Correspondence) 

Abraham, Oommen 113 (Correspondence) 

Adhikari, A. see Tiwari, J. K. , 

Adiga, S. see Radhakrishnan, K. 

Aditya, S. 320 (Book review) 

' Aggarwal, Rashmi see Mondal, Goutam 
I Alagesan, K. 69 (Research communication) 

Anand, N. 119 (Scientific correspondence) 

; Ananthakrishnan, T. N. 215 (General article) 

Angrish, Rajiv 81 (Research communication) 

Anil Kumar 534 (Article, IRS-1 C special section) 

Anil Kumar see Sama, Suniti 
I Anita Mohan see Dwivedi, B. N. (693, 709) 

Anuradha, S. see Vanitha Rani, R. 
i Aradhye, B. V. see Joseph, George 
j Aravamudan, R. see Kasturirangan, K. 

Arokiadas, R. Joseph see Hebbar, K. Jairam 
Arunachalam, V. 1062 (General article) 

Arunamani, T. 391 (Research communication) 

Ashtekar, Abhay 102 (Personal news); 800 (Article, 
Subrahmanyan Chandrasekhar-in memoriam special section) 
Ashwini, K. S. see Patil, Veeranagouda 

Badve, R. M. 402 (Research communication) 

Bahuguna, Anjali see Nayak, Shailesh 
I Bajpai, Usha see Maheshwari, H. K. 

Bakhshi, A. K. 270 (General article) 

I Balaji, V. 334 (Correspondence) 

Balakrishna, P. 774 (Opinion) 

Balakrishnan, V. 424 (Scientific correspondence) 

Balaram, P. 5, 481 (Editorial); 111, 195, 255, 415, 687, 
867 (In this issue) 

Balyan, H. S. see Gupta, P. K. (45) 

Bamji, Mahtab S. 409 (Book review) 

Banakar, V. K. 11 (Commentary) 

Bandyopadhyay, A. K. see Shome, B. R.; Shome, Rajeswari 
Banerjee, S. see Zehra, M. 

Banerjee, Shubhra see Jabbar, Saba 
Banerjee, T. K. see Paul, V. I. 

Basu, Gautam K. see Mandal, Badal K. 

Behl, H. M. see Sidhu, O. P. 

Bellieni, G. see Roonwal, G. S. 

Beri, V. see Bhat, A. K. 

Bhagia, N. see Navalgund, R. R. 

Bhanderi, R. J. see Raghavswamy, V. 

Bhanumurthy, V. see Thiruvengadachari, S. 

Bharthur, R. N. see Ramesh, D. S. 

Bhat, A. K. 154 (Research communication) 

Bhatt,. D. K. 772 (Commentaiy) 

.Bhattacharya, A. see Rao, D. P. (619) 

Bhattacharyya, A. 739 (Research communication) 
Bhattacharyya, P. C. 950 (Correspondence) 

Bhola, Rakesh K. see Sarna, Suniti 
Billore, S, K. 1010 (Research communication) 

Bisht, G. S. 393 (Research communication) 

Bisht, K. S. 1109 (Erratum) 

Biswas, N. see Dey, S. 

Bondi, Hermann 258 (Correspondence); 266 (General article) 
Borkar, V. D. see Kulkarni, K. G. 

CURRENT SCIENCE, VOL. 70, 1996, AUTHOR INDEX 


Bose, J. C. 176, 178 (Reproduced articles, Historical com¬ 
mentary and notes) 

Bose, L. K. see Sahu, S. C. 

Bose, Pradip K. 871 (Scientific correspondence) 

Cary, Tina see Edwards, David T. 

Chakraborti, D. see Mandal, Badal K. 

Chakraborty, M. C. see Navalgund, R. R. 

Chanda, Chitta R. see Mandal, Badal K. 

Chanda, S. see Hait, Arghya K. 

Chander, R. 291 (Research article); 1008 (Research com 
munication); 873 (Scientific correspondence) 
Chandrakumar, N. 899 (Article, X-Ray crystallography anc 
NMR special section) 

Chandrasekaran, S. see Sundarapandian, SM. 
Chandrasekhar, M. G. 648 (Article, IRS-1C special section) 
see Kasturirangan, K.; Rao, Mukund 
Chandrasekhar, S. 810 (Reproduced article, • Subrahmanyai 
Chandrasekhar - in memoriam special section) 
Chandrasekhar, Sosale 259 (Research news) 
Chandrashekaran, D. see Hebbar, K. Jairam (551) 
Chandrashekaran, M. K. 755 (Personal news) 

Chatteijee, R. K. see Tyagi, K. 

Chaturvedi, S. N. 737 (Research communication) 

Chauhan, H. B. see Nayak, Shailesh 
Chauhan, Prakash see Nayak, Shailesh 
Chavan, S. A. 234 (Research communication) 

Cheong, S-W. see Jayaraman, A. 

Chidambaram, R. 21 (General article); 878 (Article, X-Ra; 

crystallography and NMR special section) 

Chiranjeevi, O. see Venkatachaiy, K. V. 

Chopra, K. see Reddy, D. S. 

Chowdhury, Partha P. see Mandal, Badal K. 

Chowdhury, Tarit Roy see Mandal, Badal K. 

Dadhwal, V. K. see Navalgund, R. R. 

Dakshina Murthy, J. see Hebbar, K. Jairam (551) 

Daniels, R. J. Ranjit 775 (Scientific correspondence) 

Das, Dipankar see Mandal, Badal K. 

Das, H. K. see Hait, Arghya K. 

Das, I. K. 200 (Scientific correspondence) 

Das, K. K. see Jain, Abhineet 

Das, Puspendu Kumar see Alagesan, K. 

Dash, Madhab C. 406 (Research communication) 
Deekshatulu, B. L. see Kasturirangan, K. 

Dei, Charulata see Dash, Madhab C. 

Devasia, P. see Gadgil, Madhav 
Dey, S. 347 (Scientific correspondence) 

Dhar, Ratan K. see Mandal, Badal K. 

Dhir, K. K. see Angrish, Rajiv 
Diwakar, P. G. see Radhakrishnan, K. 

Dobhal, Rajendra 197 (Correspondence) 

Dronamraju, Krishna R. 1059 (General article) 

Durgapal, J. C. 15 (Scientific correspondence) 

Dutt, C. B. S. see Roy, P. S. 

Dwivedi, B. N. 135 (General article); 693 (Research news 
709 (Review article) 

Edwards, David T. 638 (Article, IRS-1 C special section) 




Eggleton, Peter P. 781 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Etzkowitz, Henry 690 (News) 

Fahmi, Sohail see Chaturvedi, S. N. 

Fairwell, Thomas see Gomathi, L. 

Farooqui, Parveen 482 (Correspondence) 

Ferretti, James A. see Gomathi, L. 

Gadagkar, Raghavendra 115 (Research news); 195, 255 (In 
this issue); see Geetha, L. 

Gadgil, Madhav 10 (Correspondence); 36 (General article) 
Gahalain, S. S. see Singh, A. K. 

Gahalaut, V. K. see Chander, R. 

Ganeshaiah, K. N. 340 (Research news) 

Ganga, S. see Jameela, S. R. 

Gangopadhyay, T. K. 462 (Research communication) 
Ganguly, C. see Chidambaram, R. (21) 

Ganguly, R. see Chavan, S. A. 

Gargav, V. P. see Sharma, Deepesh 
Gaur, V. K. see Ramesh, D. S. 

Gautam, N. C. see Rao, D. P. (575) 

Geetha, L. 419 (Research news) 

Geevan, C. P. 10 (News); 334 (Correspondence) 

Gharai, B. see Roy, P. S. 

Ghaskadbi, Surendra 257 (Correspondence) 

Ghevariya, Z. G. see Venkatesan, T. R. 

Ghosh, S. see Hait, Arghya K. 

Gill, Sukhdeep 312 (Research communication) 

Glover, Kira 1057 (General article) 

Goodall, Jane 412 (Erratum) 

Gokul, H. 263 (Scientific correspondence) 

Gomathi, L. 910 (Article, X-Ray crystallography and NMR 
special section) 

Gopala Krishna, B. see Srivastava, P. K. 

Gopinathan, Karumathil P. see Palhan, Vikas B. 

Goswami, Prashant 447 (Research article); “1039 (Scientific 
correspondence) 

Gowda, K. Chidananda see Naidu, B. V. V. 

Grewal, A. S. see Parmar, Anu 

Gross, Ludwik 1103 (Historical commentary and notes) 
Gupta, Alok K. 961 (General article) 

Gupta, H. S. 264 (Scientific correspondence) 

Gupta, J. N. 265 (Scientific correspondence) 

Gupta, K. K. see Joseph, George 

Gupta, P. K. 45 (Review article); 258 (Correspondence); 

654 (General article) 

Gupta, P. K. see Majumder, S. K. 

Gupta, R. C. see Singh, A. K. 

Gupta, S. K. 694 (Scientific correspondence) 

Hait, Arghya K. 1089 (Research communication) 

Hakeem, K. A. see Thiruvengadachari, S. 

Haider, K. see Gangopadhyay, T. K. 

Hameed, P. Shahul 1076 (Research communication); see 
Shaheed, K. 

Hansoti, S. K. see Chaturvedi, S. N. 

Hebbar, K. Jairam 543, 551 (Articles, IRS-1C special section) 
Hebbar, K. R. see Navalgund, R. R. 

Herr, John C. see Sivashanmugam, P. 

Hosur, M. V. see Chidambaram, R. (878) 

Hosur, R. V. see Chidambaram, R. (878) 

Husain, Tariq see Rana, T. S. 

Indira, N. K. 719 (Research article) 

Iyengar, M. A. R. see Shaheed, K.; Hameed, P. Shahul (1076) 
Iyengar, V. S. see Joseph, George 

ii 


Jabbar, Saba 959 (Scientific correspondence) 

Jadhav, R. N. see Roy, P. S. 

Jagannathan, N. R. see Raghunathan, P. 

Jagirdar, Balaji R. 875 (Research news) 

Jain, Abhineet 928 (Research communication) 

Jain, Rajan B. 854 (Research communication) 

Jain, V. K. see Chavan, S. A. 

Jalaramaiah, V. see Venkatachary, K. V. 

Jameela, S. R. 669 (Research communication) 

Jana, B. N. 120 (Scientific correspondence) 

Jana, M. M. see Shirgurkar, Mrudul V. 

Jayakrishnan, A. see Jameela, S. R. 

Jayaraman, A. 232 (Research communication) 

Jayaraman, V. see Chandrasekhar, M. G.; Rao, Mukund 
Jeyaseelan, A. T. see Thiruvengadachari, S. 

Jhansilakshmibai, K. see Madhavi, R. 

John, Biju see Rajendran, C. P. (385) 

John, C. K. 7 (Correspondence) 

John, S. 483 (Correspondence) 

Jonna, S. see Thiruvengadachari, S. 

Joseph, George 510 (Article, IRS-1 C special section); see 
Kasturirangan, K. 

Joseph, Sudheer 858 (Research communication) 

Joshi, Chandra see Bisht, G. S. 

Joshi, G. C. see Singh, A. K. 

Joshi, N. V. 3, 688, 947 (In this issue); 250 (Book review) 
Joshi, Syamasundar see Gokul, H. 

Kalbag, S. S. 469, 681 (Book reviews) 

Kalluraya, V. K. K. 492 (Scientific correspondence) 
Kalpana, T. P. 261 (Scientific correspondence) 

Kalpna see Chander, R. 

Kalyanaraman, S. 501 (Article, IRS-1C special section) 
Kandya, A. K. see Roy, P. S. 

Karan, Nirmal K. see Mandal, Badal K. 

Karanth, R. V. see Mamtani, Manish A. 

Kartha, C. C. 331 (In this issue) 

Karthikeyan, A. S. see Vanitha Rani, R. 

Karuppaiyan, A. see Venkatachary, K. V. 

Kasturirangan, K. 495 (Article, IRS-1C special section) 
Katti, Kattesh V. 219 (Research account) 

Kaveri Devi, D. see Hebbar, K. Jairam 
Kaveriappa, K. M. see Sumana, K. R. 

Khadkikar, A. S. 1093 (Research communication) 

Khattri, K. N. 1039 (Scientific correspondence) 

Khoshoo, T. N. 205 (General article); 258 (Correspondence) 
Khulbe, R. D. see Bisht, G. S. 

Kiran Kumar, A. S. see Joseph, George 
Kolatkar, Milind see Gadagkar, Raghavendra (115) 

Kothari, Ashish 9 (Correspondence) 

Kotlia, B. S. see Valdiya, K. S. (157) 

Krishna, Gopal A. see Gomathi, L. 

Knshnamurthy, S. S. 13,769 (Research news); 195 (In this issue) 
Krishna Murthy, Y. V. N. see Rao, D. P. (624) 

Krishna Prasad, B. T. 675 (Research communication); see 
Sheshshayee, M. S. 

Krishnan, V. Kalliyana 730 (Research communication) 
Krishnanath, R. see Pradeepkumar, A. P. 

Krishnaswamy, N. R. 1100 (Book review) 

Kukreja, A. K. see Zehra, M. 

Kulkarni, A. R. 19 (Scientific correspondence) 

Kulkarni, K. G. 1096 (Research communication) 

Kulkarni, Mukund A. 113 (Correspondence) 

Kulkarni, P. V. 417 (Correspondence) 

Kumar, S. see Jana, B. N. 

Kutty, V. Raman see Mathai, Jaisy 

CURRENT SCIENCE, VOL. 70, 1996, AUTHOR INDEX 


Lakshmi, B. see Hebbar, K. Jairam 
Lavakare, P. J. 483 (Correspondence) 

Laxmi, V. see Hebbar, K. Jairam 
Leydesdorff, Loet see Etzkowitz, Henry 
Li, Weiqi 78 (Research communication) 

Liang, George H. see Li, Weiqi 
Lodh, Dilip see Mandal, Badal K. 

Lynden-Bell, D. 789 (Article, Subrahmanyan Chandrasekhar - in 
memoriam special section) 

Madhavi, R. 350 (Scientific correspondence) 

Maheshwari, Hari K. 250 (Book review); 933 (Research 
communication) 

Maithy, P. K. see Jana, B. N. 

Maiti, Nakul C. 997 (Research communication) 

Majumdar, K. L. see Hebbar, K. Jairam (543); Srivastava, 

P. K. 

Majumder, S. K. 833 (Research article) 

Mallick, Sukumar 956 (Scientific correspondence); see Raja- 
gopal, N. R. 

Mamtani, Manish A. 396~(Research communication) 
Manchanda, R. 275 (Review article); 750 (Erratum) 

Mandal, Badal K. 976 (Research article) 

Mandal, T. K. see Farooqui, Parveen 
Manjula, K. 441 (Review article) 

Manoharan, P. T. 878 (Article, X-Ray crystallography and 
NMR special section) 

Manoj Kumar, P. see Tatavarti, R. 

Marchig, V. see Roonwal, G. S. . 

Masani, P. R. 751 (Book review) 

Mascarenhas, A. F. see Shirgurkar, Mrudul V. 

Mathai, Jaisy 352 (General article) 

Mathew, M. K. see Ramu, Y. D. 

Mathew, Salomy see Singh, B. N. 

Mathur, A. K. see Zehra, M. 

Mathur, K. C. see Sahu, S. C. 

Mauiya, I. B. see Singh, Sheo Pujan 
Mazumdar, Shyamalava see Maiti, Nakul C. 

Mazumder, Raj at see Bose, Pradip K. 

Meher-Homji, V. M. 333 (Correspondence) 

Mehta, J. P. see Semwal, R. L. 

Meijer, J. J. F. see van der Burgh, J. 

Miale, Walter 334 (Correspondence) 

Miglani, T. S. see Jain, Rajan B. 

Milovanovic, D see Roonwal, G. S. 

Minami, K. see Billore, S. K. 

Misquith, S. 1080 (Research communication) 

Misra, A. see Jameela, S. R. 

Mitra, A. N. 90 (Book review) 

Mohanraj, Prashanth 428 (General article) 

Mohanti-Hejmadi, P. see Sahoo, G. 

Mohanty, Prasanna 1101 (Book review) 

Mohapatra, B. K. see Sahoo, G. 

Moharir, A. V. 1012 (Research communication) 

Mondal, Goutam 425 (Scientific correspondence) 

Moss, J. P. see Nene, Y. L. 

Mukesh, D. 418 (News) 

Mukunda, N. 91 (Book review) 

Mungali, Nidhi see Valdiya, K. S. (157) 

Munuswamy, N. see Ramasubramanian, V. 

Murthy, G. S. 55 (Research article); 1019 (Research com¬ 
munication) 

Murthy, J. D. see Hebbar, K. Jairam 
Murthy, M. R. N. 320, 681 (Book reviews) 

Murthy, M. S. R. see Roy, P. S. 

Murthy, P. K. see Tyagi, K. 


Muruganandam, V. see Ravishankar, J. P. 

Murugesan, V. S. R. see Anand, N. 

Murugesh, Meenakshi see Madhavi, R. 

Nadgauda, Rajani S. see Shirgurkar, Mrudul V. 
Nagabhushan, P. see Naidu, B. V. V. 

Nagachenchaiah, K. see Joseph, George 
Nagaraja, R. see Rao, D. P. (575) 

Nagarajan, N. see Shivakumar, S. K. 

Nagendra Babu, G. see Chaturvedi, S. N. 

Naidu, A. S. see Somayajulu, B. L. K. 

Naidu, B. V. V. 433 (General article) 

Nair, R. R. see Rao, P. S. 

Nallathambi, T. see Ramu, Y. D. 

Nambiar, C. G. see Joseph, Sudheer 
Nampy, Santhosh 411 (Book review) 

Nandy, A. 666 (Research article) 

Narayan, Mohan 848 (Research communication) 

Narayana, A. C. see Tatavarti, R. 

Narayanan, P. R. see Vishwanath, V. 

Narlikar, J. V. 780, 807 (Articles, Subrahmanyan Chan¬ 
drasekhar-in memoriam special section) 

Nataraj, K. N. see Krishna Prasad, B. T.; Sheshshayee, M. S. 
Nath A. Narendra see Nayak, Shailesh 
Nath, B. Nagender see Rao, P. S. 

Navalgund, R. R. 568 (Article, IRS-1C special section); see 
Rao, D. P. (624) 

Navaneetham, D. 986 (Research communication) 

Nayak, Shailesh 614 (Article, IRS-1C special section) 

Nene, Y. L. 493 (Scientific correspondence) 

Nityananda, R. Ill (In this issue); 488 (Commentary) 
Numata, M. see Billore, S. K. 

Ojha, J. 203 (Scientific correspondence) 

Oza, M. P. see Navalgund, R. R. 

Padma Priya see Raghavswamy, V. 

Padma Rani, G. see Hebbar, K. Jairam (551) 

Padmanabhan, T. 784 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Pal, A. see Singh, D. V. (1041) 

Palhan, Vikas B. 147 (Research article) 

Palsule, S. S. see Hebbar, K. Jairam (543) 

Pande, Kanchan see Venkatesan, T. R. 

Pandey, M. see Yanru, Zeng 
Pandian, T. J. 1031 (Book review) 

Pani, J. see Sahu, S. C. 

Panigrahy, S. see Navalgund, R. R. 

Pant, P. D. see Valdiya, K. S. (157) 

Paramananthan, N. Ranjan see Shivakumar, S. K. 
Parandhaman, N. S. see Hebbar, K. Jairam (543) 

Parani, M. 86 (Research communication) 

Parathasarathy, S. 122 (Scientific correspondence) 

Parihar, J. S. see Navalgund, R. R. 

Parmar, Anu 161 (Research communication) 

Parthasarathy, K. R. 1030 (Book review) 

Parthasarathy, R. 765 (Correspondence) 

Pasupathy, J. 409 (Book review) 

Patel, V. H. see Hebbar, K. Jairam (543) 

Pathan, S. K. see Raghavswamy, V. 

Patil, Veeranagouda 960 (Scientific correspondence) 

Paul, P. R. see Thiruvengadachari, S. 

Paul, V. I. 1025 (Research communication) 

Pawar, B. S. see Kulkami, A. R. 

Periasamy, N. see Maiti, Nakul C. 

Poonawala, Insiya S. see Shirgurkar, Mrudul V. 


CURRENT SCIENCE, VOL. 70, 1996, AUTHOR INDEX 






Prabhu, K. V. see Arunachalam, V. 

Prabhu, K. V. S. R. see Shivakumar, S. K. 

Pradeepkumar, A. P. 1066 (Research article) 

Prakasam, K. S. see Ramesh, D. S. 

Prasad, M. Shyam 74 (Research communication) 

Prasad, N. K. see Yanru, Zeng 

Prasad, T. G. see Krishna Prasad, B. T.; Patil, Veeranagouda; 

Sheshshayee, M. S. 

Prathap, G. 770 (Commentary) 

Purushotham, M. G. see Patil, Veeranagouda 

Rabi, T. 80 (Research communication) 

Radhakrishna, B. P. 757 (Historical commentary and notes) 
Radhakrishnan, K. 629 (Article, IRS-1 C special section) 
Raghavan, B. R. see Sri Ram 

Raghavswamy, V. 582 (Article, IRS-1 C special section) 
Raghu, C. N. 484 (Correspondence) 

Raghu, V. see Hebbar, K. Jairam (551) 

Raghunathan, P. 698 (General article) 

Raghuvanshi, R. see Jameela, S. R. 

Rai, S. S. see Ramesh, D. S. 

Rajagopal, N. R. 869 (News); see Mallick, Sukumar 
Rajalakshmi, M. see Navaneetham, D.; Sivashanmugam, P. 
Rajamani, S. see Sahu, S. C. 

Rajangam, R. K. see Kalyanaraman, S. 

Rajasekaran, G. see Narayan, Mohan 
Rajendran, C. P. 304 (Research communication); 385 (Re¬ 
search article) 

Rajendran, Kusala see Rajendran, C. P. 

Raju, K. A. Kamesh see Rao, P. S. 

Raju, P. V. see Thiruvengadachari, S. 

Rakshit, A. K. 197 (Correspondence) 

Ram Babu, H. V. 155, 465 (Research communications) 

Ram Mohan, P. see Raghavswamy, V.; Rao, D. P. (575) 
Ramakrishna, T. see Reena, K. 

Ramakrishnan, M. 94 (Book review) 

Ramakrishnan, R. see Hebbar, K. Jairam (543) 

Ramalingam, R. S. see Parani, M. 

Ramalingaswami, V. 118 (Commentary); 1050 (General article) 
Ramana, Y. V. 300 (Research communication) 

Ramanujam, C. G. K. 331 (In this issue); see Kalpana, T. P. 
Ramaseshan, S. 5 (Editorial); 104, 172 (Historical commen¬ 
tary and notes); 763, 1035 (In this issue); 876 (Research 
news); 950, 951, 1037 (News) 

Ramasubramanian, V. 467 (Research communication) 
Ramaswamy, Sm. 492 (Scientific correspondence) 

Ramesh, B. see Gupta, P. K. (45) 

Ramesh, D. S. 843 (Research article) 

Ramprasad, T. see Rao, P. S. 

Ramu, Y. D. 313 (Research communication) 

Ramya, K. see Parthasarathy, S. 

Rana, T. S. 19 (Scientific correspondence) 

Rangachari, M. S. 198 (Correspondence) 

Ranganath, B. K. see Roy, P. S. 

Ranganath, G. S. see Suresh, K. A. 

Rao, A. S. 955 (Opinion) 

Rao, B. Ramalingeswara see Rao, Ch. M.; Rao, P. S. 

Rao, Ch. M. 308 (Research communication); see Rao, P. S. 
Rao, D. N. Madhusudhana see Arunamani, T. 

Rao, D. P. 575, 619, 624 (Articles, IRS-1 C special section) 
Rao, G. Srinivasa see Thiruvengadachari, S. 

Rao, G. V. S. Poornachandra see Ramana, Y. V. 

Rao, H. R. see Shivakumar, S. K. 

Rao, K. Srinivasa 181 (Generalia) 

Rao, K. M. M. see Hebbar, K. Jairam 
Rao, K. R. 490 (News) 


Rao, M. R. S. see Manjula, K. 

Rao, M. V. Krishna see Navalgund, R. R. 

Rao, Mukund 642 (Article, IRS-1 C special section); see 
Chandrasekhar, M. G. 

Rao, N. Pumachandra 238 (Research communication) 

Rao, P. Rama 358 (Research account) 

Rao, P. S. 379 (Research article) 

Rao, R. R. see Rana, T. S. 

Rao, V. N. M. 1044 (Opinion) 

Rastogi, Neelkamal 199 (Research news) 

Ratnakar, J. see Vijay Kumar, K. 

Rattan, Ram see Joseph, George 
Ravan, Shirish A. see Jain, Abhineet 
Ravi Kumar, M. see Rao, N. Pumachandra 
Ravishankar, J. P. 1086 (Research communication) 
Ravishankar, M. see Tatavarti, R. 

Ray, A. K. see Hait, Arghya K. 

Ray, Paresh Chandra see Alagesan, K. 

Raykar, M. G. see Shivakumar, S. K. 

Reddy, D. S. 226 (Review article) 

Reddy, P. Chandrasekhara see Patil, Veeranagouda 
Reddy, P. R. 600 (Article, IRS-1C special section); see Rao, 
D. P. (619) 

Reddy, V. Vittal see Hebbar, K. Jairam 
Reena, K. 696 (Scientific correspondence) 

Reghunath,. Rajesh see Sri Ram 
Roonwal, G. S. 724 (Research article) 

Rosch, H. see Roonwal, G. S. 

Roy, P. S. 606 (Article, IRS-1C special section); see Jain, 
Abhineet 

Sah, Nalin see Valdiya, K. S. (157) 

Saha, K. C. see Mandal, Badal K. 

Sahoo, D. 168 (Book review) 

Sahoo, G. 246 (Research communication) 

Sahoo, R. K. see Sahoo, G. 

Sahu, S. C. 874 (Scientific correspondence) 

Salil, M. S. 399 (Research communication) 

Samanta, Gautam see Mandal, Badal K. 

Sampath, N. see Rao, Mukund 
Samudraiah, D. R. M. see Joseph, George 
Samuelson, Ashoka G. see Alagesan, K. 

Sant, B. R. 8 (Correspondence) 

Santharam, V. 316 (Research communication) 

Sanyal, S. C. see Singh, D. V. 

Sarangi, N. see Shome, Rajeswari 
Sarma, K. S. see Shivakumar, S. K. 

Sarma, T. C. see Anil Kumar 

Sama, Suniti 1022 (Research communication) 

Sathiyamoorthy, P. 18 (Scientific correspondence) 

Satyendra Kumar see Jain, Rajan B. 

Sauna, Zuben E. see Sitaramam, V. 

Saxena, Rajiv K. 143 (Review article) 

Semwal, R. L. 426 (Scientific correspondence) 

Sen, Indraneel see Sen Gupta, D. P. 

Sen Gupta, D. P. 285 (Research article) 

Sengupta, N. see Venkatachary, K. V. 

Seshadri, K. see Reddy, P. R. 

Shah, Manik see Valdiya, K. S. (157) 

Shaheed, K. 459 (Research communication); see Hameed, 
,P. Shahul (1076) 

Shankar, A. G. see Krishna Prasad, B. T.; Sheshshayee, M. S.; 
Misquith, S. • 

Shankar Raman, T. R. 747 (Research communication) 
Shanmugasundaram, S. see Sathiyamoorthy, P. 

Sharma, Anju 169 (Book review) 


IV 


CURRENT SCIENCE, VOL. 70, 1996, AUTHOR INDEX 


Sharma, Deepesh 348 (Scientific correspondence) 

Sharma, P. see Gupta, S. K.; Somayajulu, B. L. K. 

Sharma, P. C. see Gupta, P. K. (45) 

Sharma, S. K. see Jayaraman, A. 

Sharma, S. A. see Navalgund, R. R. 

Sheila, V. K. see Nene, Y. L. 

Sheshshayee, M. S. 672 (Research communication); see 
Krishna Prasad, B. T. 

Shetye, S. R. 947 (In this issue) 

Shirgurkar, Mrudul V. 940 (Research communication) 
Shivakumar, S. K. 516 (Article, IRS-1C special section) 
Shivanna, K. R. 767 (News) 

Shivkumar, K. see Chaturvedi, S. N. 

Shome, B. R. 15 (Scientific correspondence); see Shome, 
Rajeswari 

Shome, Rajeswari 744 (Research communication); see 
Shome, B. R. 

Shrivastava, J. P. see Salil, M. S. 

Siddhartha, V. 766 (Correspondence) 

Sidhu, 0. P. 1084 (Research communication) 

Sikdar, S. K. 92 (Book review); 422 (Research news); see 
Tiwari, J. K. 

Singh, Arvinderjit see Gill, Sukhdeep 
Singh, A. K. 202 (Scientific correspondence) 

Singh, Balwant see Gill, Sukhdeep 

Singh, B. N. 1088 (Research communication) 

Singh, B. P. see Farooqui, Parveen 

Singh, D. V. 237 (Research communication); 1041 (Scientific 
correspondence) 

Singh, K. N. see Parani, M. 

Singh, N. K. see Singh, Sheo Pujan 
Singh, Rajendra see Jain, Rajan B. 

Singh, R. K. see Jain, Abhineet 
Singh, R. N. see Indira, N. K. 

Singh, Rana Pratap 8 (Correspondence) 

Singh, Sheo Pujan 458 (Research communication) 

Singhal, Y. K. see Venkatachary, K. V. 

Sinha, Anindya 1101 (Book review) 

Sinha, Rahul see Narayan, Mohan 
Sinha, U. N. see Prathap, G. 

Sitaramam, V. 170 (Book review); 335 (Opinion) 

Siva Sankar, E. see Thiruvengadachari, S. 

Sivashanmugam, P. 1075. (Research communication); see 
Navaneetham, D. 

Skinner, D. Z. see Li, Weiqi 
Soma, P. see Venkatachary, K. V. 

Somani, R. L. 1003 (Research communication) 
Somasundaram, S.'S. N. see Shaheed, K. 

Somayaji, T. S. N. see Arunamani, T. 

Somayajulu, B. L. K. 1000 (Research communication) 
Sonde, B. S. 322 (Historical commentary and notes) 
Sopory, S. K. 411 (Book review); 953 (News) 

Sorkhabi, Rasoul B. 485 (Commentary) 

Sree Rangasamy, S. R. see Parani, M. 

Sreedhara Murthy, T. R. see Sri Ram 
Sreekumar, J. see Krishnan, V. Kalliyana 
Sreenivasan, G. see Wodeyar, B. K. 

Sri Ram 935 (Research communication) 

Sridharan, R. 753 (Book review) 

Sridhar Murthy, K. R. see Rao, Mukund 
Srikantia, S. V. 198 (Correspondence) 

Srilatha, N. S. see Murthy, G. S. (1019) 

Srinagesh, D. see Ramesh, D. S. 

Srinivasan, G. 95 (Personal news) 

Srivastava, A. K. 417 (Correspondence) 

Srivastava, G. C. see Yanru, Zeng 


Srivastava, K. D. see Mondal, Goutam 
Srivastava, P. K. 562 (Article, IRS-1 C special section); see 
Hebbar, K. Jairam (543) 

Srivastava, Pankaj K. see Somani, R. L. 

Srividya see Goswami, Prashant (447) 

Subramanian, C. V. 412 (Erratum) 

Subramanian, S. see Gomathi, L. 

Sudhakar, M. see Prasad, M. Shyam 
Sujata, V. see Arunachalam, V. 

Suma, N. see Jameela, S. R. 

Sumana, K. R. Ill (Scientific correspondence) 

Sundaram, C. V. 3 (In this issue) 

Sundarapandian, SM. 242 (Research communication) 

Sunder, R. 949 (Correspondence) 

Sunder, Sham see Gill, Sukhdeep 
Suresh, K. A. 944 (Book review) 

Surolia, A. see Misquith, S. 

Suryanarayanan, T. S. see Ravishankar, J. P. 

Swamy, P. S. see Sundarapandian, SM. 

Swarnkar, B. M. see Jain, Rajan B. 

Tamili, Dipak K. see Mandal, Badal K. 

Tatavarti, R. 837 (Research article) 

Tewari, Sunita see Valdiya, K. S. (157) 

Thakker, P. S. see Roy, P. S. 

Thangavelu, S. 861 (Book review) 

Thejavathi, D. H. see Gokul, H. 

Thengane, Shubada R. see Shirgurkar, Mrudul V. 
Thiruvengadachari, S. 589 (Article, IRS-1 C special section) 
Tikoo, Anjali see Singh, D. V. 

Tiwari, J. K. 849 (Research communication) 

Tiwari, S. C. 114 (Correspondence) 

Torne, S. G. 333 (Correspondence) 

Tripathi, Yamini B. 418 (Correspondence) 

Tyagi, K. 164 (Research communication) 

Udayakumar, M. see Krishna Prasad, B. T.; Patil, Vee- 
ranagouda; Sheshshayee, M. S. 

Udaya Lakshmi, V. see Roy, P. S. 

Uma Devi, P. see Bisht, K. S. 

Unnikrishnan, K. R. see Rajendran, C. P. (385) 

Uppal, A. see Majumder, S. K. 

Upreti, Moulishree see Valdiya, K. S. (157) 

Valdiya, K. S. 157 (Research communication); 331, 688 (In 
this issue) 

van der Burgh, J. 373 (Research article) 

Vanitha Rani, R. 63 (Research article) 

Vanninathan, M. 125 (General article) 

Varadan, Geeta see Radhakrishnan, K. 

Vasundhara, R. 1044 (General article) 

Veenakumari, K. see Mohanraj, Prashanth 
Velkov, Vassili V. 823 (General article) 

Veluthambi, K. see Vanitha Rani, R. 

Venkatachary, K. V. 524 (Article, IRS-1 C special section) 
Venkatacheiam, Ravi C. 689 (Correspondence) 
Venkataratnam, L. see Navalgund, R. R. 

Venkatesan, T. R. 990 (Research article) 

Venkatesh, N. see Murthy, G. S. (55) 

Verma, J. P. see Das, I. K. 

Vijay Kumar, K. 733 (Research communication) 
Vijayamohanan, K. 122 (Scientific correspondence) 

Vijayan, M. 889 (Article, X-Ray crystallography and NMR 
special section) 

Vinod Kumar, K. see Reddy, P. R. 

Vishwanath, V. 970 (Review article) 


CURRENT SCIENCE, VOL. 70, 1996, AUTHOR INDEX 


v 


Wali, Kameshwar C. 804 (Article, Subrahmanyan Chandra- 
sekhar-in memoriam special section) 

Wang, S. Y. see Jayaraman, A. 

Wodeyar, B. K. 71 (Research communication) 

Wyatt, H. V. 437 (General article) 

Xavier, Francis see Hebbar, K. Jairam (543) 


Yadav, R. R. see Bhattacharyya, A. 

Yajnik, K. S. see Indira, N. K. 

Yakhmi, J. V. see Chavan, S. A. 

Yanru, Zeng 1017 (Research communication) 
Yogananda, C. S. 198 (Correspondence) 

Zehra, M. 84 (Research communication) 


SUBJECT INDEX 


Articles in Commentary, Generalia, Historical commentary and notes 
news; Books reviewed and letters in Correspondence and 
under the respective category name. 


Aborigines 775 (Scientific correspondence) 

Academies 415 (In this issue) 

Academy fellowship problem 424 (Scientific correspondence) 
Achenkovil shear zone 1066 (Research article) 

Adenosine 5 -triphosphate 275 (Review article) 

Agar gel immunodiffusion test 744 (Research communication) 
Agricultural biotechnology 654 (General article) 
Agrobacterium rhizogenes 84 (Research communication) 
Akshaydhara concept 694 (Scientific correspondence) 

Albino mutation 15 (Scientific correspondence) 

Alkali-rare earth dimolybdates 232 (Research communication) 
a-T3-l cell line 849 (Research communication) 

Alternate host 348 (Scientific correspondence) 

Alternatives to wood 950 (Correspondence) 

Amino acid 1086 (Research communication) 

Ammonium sulphate 1025 (Research communication) 
Amooranin 80 (Research communication) 

Andaman and Nicobar islands 775 (Scientific correspondence) 
Angiotensin-II 226 (Review article) 

Anisotropy 843 (Research article) 

Annual rainfall pattern 1039 (Scientific correspondence) 
Anopheles 393 (Research communication) 

Anorthite 724 (Research article) 

Anorthosites 733 (Research communication) 

Antitumour activity 80 (Research communication) 

Antitumour effect 1022 (Research communication) 

Apis cerana 261 (Scientific correspondence) 

Aquifer management 956 (Scientific correspondence) 

Arctic Ocean 1000 (Research communication) 

Armigerus subalbatus 696 (Scientific correspondence) 

Arsenic 976 (Research article) 

Arsenic pollution 956 (Scientific correspondence) 

Anemia parthenogenetica 467 (Research communication) 
Assembled epitopes 55 (Research article) 

Asthma patients 350 (Scientific correspondence) 

Asystasia dalzelliana 111 (Scientific correspondence) 
Australian microtektites 74 (Research communication) 
Auto-catalysis 259 (Research news) 

Avian mafia 115 (Research news) 

Ayurveda 418 (Correspondence) 

Baboon 1101 (Book review) 

Backarc Basin 379 (Research article) 

Baculoviruses 147 (Research article) 

Bagh beds 120 (Scientific correspondence); 462 (Research 
communication) 

Bandanwara 1003 (Research communication) 


News, Opinion, Research account, Research 
Scientific correspondence are also listed alphabetically 

Base composition 661 (Research article) 

B as tar craton 737 (Research communication) 

Beethoven 810 (Reproduced article, Subrahmanyan Chan¬ 
drasekhar-in memoriam special section) 

Berillium-10 1000 (Research communication) 

Bioaccumulation 459, 1076 (Research communications) 
Biochemical degradation 933 (Research communication) 
Bio-chirality 259 (Research news) 

Biodiversity 36 (General article); 199 (Research news); 

334 (Correspondence) 

Bioremediation 823 (General article) 

Biotechnology 118 (Commentary); 955 (Opinion) 

Biotic pressure zone mapping 606 (Article, IRS-1 C special section) 
Biphasic catalysis 219 (Research account) 

Black-hole physics 800 (Article, Subrahmanyan Chandra¬ 
sekhar—in memoriam special section) 

Blepharia 347 (Scientific correspondence) 

Blocking temperatures 300 (Research communication) 

Blood bank 352 (General article) 

Blood components 352 (General article) 

BmNPV 147 (Research article) 

Book reviews 

Annual Review of Nuclear and Particle Science, Vol 44 
1994 409 . 

Annual Review of Nutrition, Vol. 15, 1995 409 
Annual Review of Physiology, Vol. 57, 1995 92 
Conversations on Mind, Matter and Mathematics 91 
The Crest of the Peacock, Non-European Roots of Mathe¬ 
matics 753 

Crystal Structure Analysis for Chemists and Biologists 681 

Energy Environment Monitor 681 

Fish Bioenergetics: Fish and Fisheries Series 13 1031 

Green Business Opportunities 250 

Harmonic Analysis 1030 

Immunofluorescence Localization ofSP 10 Protein: Advances 
in Photosynthesis Series 1101 
India and Antarctica during the Precambrian 94 
Infinity and the Mind 90 

In Quest of the Sacred Baboon: A Scientist*s Journey 1101 
Invention: The Care and Feeding of Ideas 751 
Kinetics and Mechanisms of Chemical Transformations 320 
Liquid Crystals: Applications and Uses 944 
Newton versus Einstein: How Matter Interacts with Matter 
168 

Organic Agriculture 411 

Paleobotany: Plants of the Past, their Evolution, Paleo- 


vi 

CURRENT SCIENCE, VOL. 70, 1996, SUBJECT INDEX 


environment and Application in Exploration of Fossil 
Fuels 250 

Plant Physiology 411 

Quantification and the Quest for Medical Certainty 170 

Representations of Finite Groups 861 

Science for a Polite Society 169 

Spectroscopy of Organic Compounds 1110 

Synchrotron Radiation Crystallography 320 

Wealth from Waste 469 

Bose, J. C. Ill (In this issue); 172 (Historical commentary 
and notes) 

Botanical affinity 373 (Research article) 

Bovine 161 (Research communication) 

Bowen disease 976 (Research article) 

Brassica 1062 (General article) 

Brugia malayi 164 (Research communication) 

Butterflies 316 (Research communication) 

Cadastral applications 624 (Article, IRS-1C special section) 
Calcium-binding proteins 910 (Article, X-Ray crystallography 
and NMR special section) 

Camellia sinensis 84 (Research communication) 

Capitalism versus socialism 690 (News) 

Carbocation 769 (Research news) 

Carboxylation efficiency 675 (Research communication) 
Carotid labyrinth 203 (Scientific correspondence) 
Cartography 562 (Article, IRS-1C special section) 

Cell 441 (Review article) 

Cell mediated immune response 744 (Research communication) 
Central Indian Basin 74 (Research communication) 

Central Indian Ocean Basin 11 (Commentary) 

Centralized blood transfusion services 352 (General article) 
Centroid moment tensor 238 (Research communication) 
Cerebral circulation 226 (Review article) 

Chandrasekhar limit 804 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Chandrasekhar, S. 95, 102 (Personal news); 104 (Historical 
commentary and notes); 763 (In this issue); 780, 781, 
784, 789, 800, 804, 807, 810 (Articles, Subrahmanyam 
Chandrasekhar — in memoriam special section) 

Channa sp. 350 (Scientific correspondence) 

Charles Stark Draper Prize 142 
Chemical science research 418 (News) 

Chemotherapy 1022 (Research communication) 

Chir pine forest 426 (Scientific correspondence) 

Circadian time 419 (Research news) 

Cirrenalia pygmea 1086 (Research communication) 

Cirrhinus mrigala 744 (Research communication) 
Cissampelos pareira 263 (Scientific correspondence) 
Clamator glandarius 115 (Research news) 

Climate changes 10 (News) 

Coastal habitats 614 (Article, IRS-1 C special section) 
Coastal zone management 614 (Article, IRS-1 C special sec¬ 
tion) 

Coercive forces 300 (Research communication) 

Cold-tolerant rice 264 (Scientific correspondence) 

Comet Hyakutake 1044 (General article) 

Compensated compactness 125 (General article) 

Commentary 

The end phase of sedimentation of Krol Belt succession in 
Nainital syncline - Stratigraphic analysis and fossil 
levels 772 

The Exponential Law of Academy Decay 770 

India’s manganese nodule mine site in the Central Indian 


Ocean 11 

On the threshold of 1996 - Molecular biology comes of age 
in India, will Biotechnology follow? 118 
The role and responsibility of a scientist in the Indian 
context 488 

A tale of two eras: Notes on Himalayan geology 485 

Composite-neuron network 447 (Research article) 

Continental margin 308 (Research communication) 
Continental rifting 858 (Research communication) 

Conus 313 (Research communication) 

Core-satellite hypothesis 340 (Research news) 

Correspondence 

An alternative view to global vision of Indian R&D 114 

Animal usage in research 334 

Biodiversity information networks 334 

Census of India’s biodiversity 258 

Coping with liberalization 258, 483, 765 

Crisis in Indian science 257 

Digital library services from public to private sector under¬ 
takings 484 

The Himalayan fossil fraud and its aftermath 198 
Importance of herbaria and taxonomists 333 
‘Inadequate’ intellectual property protection in India 766 
Intellectual property rights and biological resources 9 
ISRO spy scandal - rumour mongering 949 
Nurturing young scientists 417 

Nurturing young scientists: Role of Department of Science 
and Technology 482 
Physical chemistry teaching 197 
Research strategy and Ayurveda 418 
Science in India 113 
Science in India-Vision and reality 8 
Scientific (con)fusion! 197 
Top-scorers need not be the best brains 7 
Top-scorers need not be the best brains-the other side 
417 

Total solar eclipse of 24 October 1995 113 

Total solar eclipse - Views of medical professionals 689 

University science education: Need for a national agenda 8 

Uses of herbaria 333 

Vedic mathematics 198 

Wood substitutes 950 

Young scientists scheme 257 

Co-transmission 275 (Review article) 

Cotton 200 (Scientific correspondence) 

Cretaceous-Eocene boundary 757 (Historical commentary and 
notes) 

Cretaceous/Tertiary Boundary 990 (Research article) 

Crop studies 568 (Article, IRS-1C special section) 

Culture vessel 18 (Scientific correspondence) 
Cyclotrigermen£s 13 (Research news) 

Dalton’s lymphoma 1022 (Research communication) 

Data products generation 551 (Article, IRS-1 C special section) 
Debris avalanches 157 (Research communication) 

Deccan volcanism 399 (Research communication); 990 (Re¬ 
search article) 

Deciduous forests 242 (Research communication) 
Dendrocalamus strictus 940 (Research communication) 
Density interfaces 155 (Research communication) 

Density of states 270 (General article) 

Diformation zone 238 (Research communication) 

Digital library services 484 (Correspondence) 


CURRENT SCIENCE, VOL. 70, 1996, SUBJECT INDEX 


vii 



Dinoflagellates 935 (Research communication) 

Dipolar interaction 878 (Article, X-Ray crystallography and 
NMR special section) 

Disordered systems 270 (General article) 

Diurnal asymmetry 391 (Research communication) 

Diurnal squirrels 747 (Research communication) 

DNA analysis 661 (Research article) 

Double-refracting crystals 176 (Historical commentary and notes) 
D-region 391 (Research communication) 

Drosophila ananassae 1088 (Research communication) 
Drought assessment 589 (Article, IRS-1C special section) 
Ductile fractures 358 (Research account) 

Dynamical friction 784 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Early Cretaceous frond 933 (Research communication) 

Earth sciences, CSIR support 869 (News) 

Earthquakes 291 (Research article); 1039 (Scientific corre¬ 
spondence) 

Earth’s mantle and core 961 (General article) 

East Pacific rise 724 (Research article) 

Echinoderm 120 (Scientific correspondence) 

Edge waves 837 (Research article) 

Editorial/Guest editorial 

Coping with liberalization 5 
Popularizing science 481 
Tributes to Chandra 780 

Eggshell ultrastructure 246 (Research communication) 

Electric rays 176 (Historical commentary and notes) 

Electric waves 178 (Historical commentary and notes) 
Electronic conduction 270 (General article) 

Ellipsoids 789 (Article, Subrahmanyan Chandrasekhar - in 
memoriam special section) 

Enechelon faults 492 (Scientific correspondence) 

Energy principles 789 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Environmental genetic engineering 823 (General article) 

EOS AT 638 (Article, IRS-1C special section) 

Epidermis 1025 (Research communication) 

Epitope mapping 55 (Research article) 

Epitopes 1019 (Research communication) 

EUV spectra 709 (Review article) 

Exon 661 (Research article) 

Ferrimagnetic units 234 (Research communication) 

Fine root biomass 242 (Research communication) 

FIP effect 693 (Research news) 

Flood management 589 (Article, IRS-1 C special section) 
Fluid inclusion 1003 (Research communication) 
Fluorocarbon products 1054 (Opinion) 

Fluorosis 71 (Research communication) 

Forest degradation 205 (General article) 

Forest fire 426 (Scientific correspondence); 928 (Research 
communication) 

Forestry 205 (General article); 606 (Article, IRS-1 C special 
section) 

Fossil cuticle 933 (Research communication) 

Fossil wood 373 (Research article) 

Fourier coefficient 1030 (Book review) 

Fractal analysis 687 (In this issue); 719 (Research article) 
Fractal interpolation 719 (Research article) 

Fracture initiation 358 (Research account) 

Frontier orbitals 270 (General article) 

Fuel cells 875 (Research news) 

Fungus 419 (Research news) 


Gabbroic xenolith 724 (Research article) 

Galaxy 266 (General article) 

Gandhi Memorial Lecture 266 (General article) 

Garhwal Himalaya 291 (Research article); 426 (Scientific 
correspondence) 

Garhwal seismicity 873 (Scientific correspondence) 

Gelling agent 493 (Scientific correspondence) 

Gelonin 1080 (Research communication) 

Geminivirus 63 (Research article) 

General relativity 800 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Generalia 

Relevance of values to science: The sublime and the 
ridiculous 181 

Genetic evaluation 1062 (General article) 

Genetic transformation 84 (Research communication) 
Genetically modified microorganisms 823 (General article) 
40 Ar- 39 Ar geochronology 990 (Research article) 

Geographic Information System (GIS) 928 (Research com¬ 
munication) 

Geo morphological studies 619 (Article, IRS-1C special section) 
Giant Metrewave Radio Telescope 951 (News) 

Glacial behaviour 739 (Research communication) 

Global change 10 (News) 

Global warming 10 (News) 

Granitoid dykes 854 (Research communication) 

Graphical analyses 661 (Research article) 

Gravity anomalies 155 (Research communication) 

Gravity trends 465 (Research communication) 

Groundwater 71 (Research communication); 956 (Scientific 
correspondence) 

Groundwater studies 600 (Article, IRS-1 C special section) 
Gynandromorph 696 (Scientific correspondence) 

Haldane, J. B. S. 1059 (General article) 

Halogen fluids 1066 (Research article) 

Helicteres isora 316 (Research communication) 

Herbaria 333 (Correspondence) 

Heterobimetallic complex 875 (Reserch news) 

Heteropneustes fossilis 1025 (Research communication) 
Heymann’s nephritis 1080 (Research communication) 
Himalaya 1039 (Scientific correspondence) 

Himalayan fossil fraud 198 (Correspondence) 

Himalayan geology 485 (Commentary) 

Historical commentary and notes 

The centennial of the discovery of millimetre waves by 
Jagadis Chandra Bose 172 

How the plague bacillus and its transmission through fleas 
were discovered: Reminiscences from my years at the 
Pasteur Institute in Paris 1103 
Lakshmeshwar Rama Rao: A centenary tribute 757 
On polarization of electric rays by double-refracting crystals 
176 

The rotation of plane of polarization of electric waves by 
a twisted structure 178 

100 years of radio: 1895-1995 - Some reflections 322 
S. Chandrasekhar and C. V. Raman-Some letters 104 

Horizontal ground displacements 1008 (Research communi¬ 
cation) 

HPLC analysis 1084 (Research communication) 

Human follicle stimulating hormone 1019 (Research commu¬ 
nication) 


viii 


CURRENT SCIENCE, VOL. 70, 1996, SUBJECT INDEX 



Hydrocarbonoclastic bacteria 15 (Scientific correspondence) 
Hydrofluorocarbons 1044 (Opinion) 

Hydrogen 876 (Research news) 

Hydrogen activation 875 (Research news) 

Hydrolysing enzymes 1017 (Research communication) 
Hydrothermal activity 379 (Research article) 

Hyphal interaction 425 (Scientific correspondence) 

Immune complexes 1080 (Research communication) 
Immunogenic components 161 (Research communication) 
India’s biodiversity 258 (Correspondence) 

Indian Academy of Sciences, new Fellows 470 (Academy news) 
Indian Ocean 238 (Research communication) 

Indian science 257 (Correspondence) 

Indian universities 335 (Opinion) 

Indian Wildlife Act 428 (General article) 

Infective larvae 164 (Research communication) 

Infra-gravity waves 837 (Research article) 

Inheritance of sex 458 (Research communication) 

Insect biocommunication 215 (General article) 

Integrated remote sensing 928 (Research communication) 
Intellectual property rights 9, 766 (Correspondence); 1057 
(General article) 

Intercellular C0 2 concentration 672 (Research communication) 
Internet 418 (News) 

Intertidal zone 402 (Research communication) 

Intracellular killing 970 (Review article) 

Intron 661 (Research article) 

In vitro morphogenesis 81 (Research communication) 

In vitro multiplication 960 (Scientific correspondence) 

In vitro plant culture 18 (Scientific correspondence) 

Ionic channels 422 (Research news) 

Ionic ferrocenyl complexes 69 (Research communication) 
Ironstone 1093 (Research communication) 

Irrigation water management 589 (Article, IRS-1C special 
section) 

IRS-1 C 343 (Research news); 479 (In this issue); 495, 
501, 510, 516, 524, 534, 543, 551, 562, 568, 575, 582, 
589, 600, 606, 614, 619, 624, 629, 638, 642, 648 (Articles, 
IRS-1C special section) 

IRS-1C cameras 510 (Article, IRS-1 C special section) 

IRS-1C, data quality evaluation 543 (Article, IRS-1 C special 
section) 

IRS-1C, data reception system 534 (Article, IRS-1 C special 
section) 

IRS-1C, marketing data 638 (Article, IRS-1 C special section) 
IRS-1C mission planning 516 (Article, IRS-1C special section) 
IRS-1C, photo processing facility 543 (Article, IRS-1C special 
section) 

IRS-1C spacecraft 501 (Article, IRS-1C special section) 
IRS-1C Spacecraft Control Centre 524 (Article, IRS-1C special 
section) 

Ischaemia 226 (Review article) 

ISRO spy scandal 949 (Correspondence) 

Iterated Function Systems technique 719 (Research article) 

J-aggregate 997 (Research communication) 

Kala-azar 1050 (General article) 

Kaveri river 459 (Research communication) 

Kerala Khondalite Belt 1066 (Research article) 

Keratosis 976 (Research article) 

Killari earthquake 331 (In this issue) 

Krol Belt 772 (Commentary) 

Lagenaria siceraria 458 (Research communication) 
Lakshadweep trough 492 (Scientific correspondence) 


Lameta beds 399 (Research communication) 

Land use mapping 575 (Article, IRS-1C special section) 
Landscape ‘matrix’199 (Research news) 

Language of insects 195 (In this issue) 

Lanthanide organometallic chemistry 769 (Research news) 
Laser-induced fluorescence 833 (Research article) 

Late Quaternary 1089 (Research communication) 

Latur earthquake 385 (Research article) 

The Law of Exponential Decay 770 (Commentary) 

Lectin immunoassay 986 (Research article) 

Lectin receptor assay 986 (Research article) 

Lepidochelys olivacea 246 (Research communication) 
Liberalization 5 (Editorial); 483, 765 (Correspondence) 
Limiting mass 804 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Lions, P-L. 125 (General article) 

Liquid crystals 944 (Book review) 

Liquid junction 122 (Scientific correspondence) 

LISS-III 568 (Article, IRS-1C special section) 

Lymphatic filariasis 1050 (General article) 

Macromolecular crystallography 889 (Article, X-Ray crystal¬ 
lography and NMR special section) 

Macrophages 970 (Review article) 

Magma generation 961 (General article) 

Magnetic resonance imaging 698 (General article) 

Malaria vector 393 (Research communication) 

Manganese nodule 11 (Commentary) 

Mangrove 16 ((Scientific correspondence); 614 (Article, 
IRS-1C special section) 

Marconi and wireless 322 (Historical commentary and notes) 
Marine fungus 1086 (Research communication) 

Mating success 1088 (Research communication) 

Matter 441 (Review article) 

Medical applications of laser 833 (Research article) 
Mesophyll efficiency 672 (Research communication) 
Mesophyll protoplasts 264 (Scientific correspondence) 
Metamorphosis 406 (Research communication) 

Metazoan evolution 1096 (Research communication) 
Meteorites 300 (Research communication) 

Methane emission 154 (Research communication) 

MHS 10 antibody 1075 (Research communication) 

Microhyla ornata 406 (Research communication) 
Micropalaeontology 1089 (Research communication) 
Micropropagation 111 (Scientific correspondence) 
Microsatellites 45 (Review article) 

Microspheres 669 (Research communication) 

Millimetre waves 172 (Historical commentary and notes) 
Mineralization 1010 (Research communication) 

Mission software 516 (Article, IRS-1C special section) 
Mitochondrial DNA 78 (Research communication) 

Moisture hysterisis 1012 (Research communication) 
Molecular biology and medical advancement 118 (Commen¬ 
tary) 

Molecular breeding 45 (Review article) 

Molecular markers 45 (Review article); 774 (Opinion) 
Molecular messengers 215 (General article) 

Molecular modelling 910 (Article, X-Ray crystallography and 
NMR special section) 

Monoclonal antibodies 55 (Research article) 

Monocytes 970 (Review article) 

MR imaging 899 (Article, X-Ray crystallography and NMR 
special section) 

Mudbank dynamics 837 (Research article) 

Mudcracks 871 (Scientific correspondence) 

Muga silkworm 347 (Scientific correspondence) 


CURRENT SCIENCE, VOL. 70, 1996, SUBJECT INDEX 


IX 




Natural killer cells 143 (Review article) 

Natural radionuclides 459, 1076 (Research communications) 
Nauplius 467 (Research communication) 

Negative remanence 234 (Research communication) 
Neotectonic movement 157 (Research communication) 
Network 36 (General article) 

Neural network 447 (Research article); 1039 (Scientific 
correspondence) 

Neurotransmission 275 (Review article) 

Neurotransmitter 255 (In this issue) 

Neutrino oscillations 848 (Research communication) 

New cholera toxin 237 (Research communication) 

News 

Bacteria precipitate arsenic 1038 
Chemical science on Internet 418 
The computer as a laboratory notebook 950 
CSIR (EMR) support to research in earth sciences - a report 
869 

DAE Solid State Physics Symposium - 1995 490 
The Giant Metrewave Radio Telescope looms large - A thing 
of beauty 951 

Nuclear waste disposal: Fuelling new science 1037 
Plant Reproduction ’96 (14th International Congress of Sexual 
Plant Reproduction) Lome, Australia-Congress report 
767 

Report on ‘Global analysis, interpretation and modelling 
(GAIM) science conference’ 10 
A report on the national seminar on ‘Changing Scenario in 
Plant Sciences’ 953 

A triple helix of academic-industry-government relations: 
Development models beyond ‘capitalism versus socialism’ 
690 

Newton 810 (Reproduced article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Newton’s Principia 807 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Nitrification 1010 (Research communication) 

Nitrogen fixation 119 (Scientific correspondence) 

•Nitrous oxide emission 1010 (Research communication) 
NMR 878 (Article, X-Ray crystallography and NMR special 
section) 

Nonlinear optics 69 (Research communication) 

Nuclear fuel cycle 21 (General article) 

Nuclear lamina 441 (Review article) 

Nuclear power 21 (General article) 

Nuclear waste management 21 (General article); 1037 
(News) 

Oedogonium sp. 348 (Scientific correspondence) 

Off-season fruiting 1084 (Research communication) 

Oil pollution • 15 (Scientific correspondence) 

Opinion 

Biotechnology: What’s in a name 955 
Environmentally responsible fluorocarbon products 1044 
Molecular marker-based conservation - An appraisal 774 
What can be done with science education in Indian univer¬ 
sities? An attempt at a synthesis 335 

Oral poliovaccine 437 (General article) 

Ordered and disordered systems 490 (News) 

Organic agriculture 411 (Book review) 

Organic and inorganic fertilizer treatments 154 (Research 
communication) 


Organic carbon 308 (Research communication) 

Organic compounds 1100 (Book review) 

Organic ferromagnets 234 (Research communication) 

Orseolia oryzae 874 (Scientific correspondence) 
Ostwald-ripening 393 (Research communication) 

Ozone variability 391 (Research communication) 

Palaeobotany 250 (Book review) 

Palaeoclimate 947 (In this issue) 

Palaeoseismicity 385 (Research article) 

Patch clamp 849 (Research communication) 

Payload pass programming 551 (Article, IRS-1C special 
section) 

Personal/Academy news 
Chandrasekhar, S.: A personal portrait 102 
Colin Stephenson Pittendrigh, An obituary 755 
The Indian Academy of Sciences elects new Fellows - 1995 
470 

A profile of Chandra 95 

Pest management 433 (General article) 

Phosphorites 308 (Research communication) 

Photochromism 959 (Scientific correspondence) 

Phyllody disease 86 (Research communication) 

Physical chemistry teaching 197 (Correspondence) 

Pica pica 115 (Research news) 

Pinus wallichiana 739 (Research communication) 

Pittendrigh, Colin Stephenson 755 (Personal news) 

Plague bacillus 1103 (Historical commentary and notes) 
Plant physiology 411 (Book review) 

Plant reproduction 767 (News) 

Plant sciences 953 (News) 

Plasma diagnostics 709 (Review article) 

Plasticity of proteins 889 (Article, X-Ray crystallography and 
NMR special section) 

Plate motion strain 843 (Research article) 

Plate tectonic movements 961 (General article) 

Poliomyelitis 437 (General article) 

Pollination 316 (Research communication) 

Polonium 210 459 (Research communication) 

Poly acid 730 (Research communication) 

Polyalkenoate cements 730 (Research communication) 
Popularizing science 481 (Editorial) 

Porphyrins 997 (Research communication) 

Prakasam province 733 (Research communication) 

Primates 747 (Research communication) 

Protected species 428 (General article) 

Proteins 270 (General article) 

Publications received 326 

Pyrimidyl propanol 259 (Research news) 

Quartz, grain growth 396 (Research communication) 
Quaternary palaeolakes 157 (Research communication) 

Radio 322 (Historical commentary and notes) 

Radium-228 1076 (Research communication) 

Radula teeth 313 (Research communication) 

Rainfall prediction 447 (Research article) 

Rama Rao, Lakshmeshwar 757 (Historical commentary and 
notes) 

Raman, C. V. 104 (Historical commentaiy and notes) 
Raman spectra 232 (Research communication) 

Rare palm 19 (Scientific correspondence) 

Redox potential 69 (Research communication) 

REE mobility 1066 (Research article) 


x 


CURRENT SCIENCE, VOL. 70, 1996, SUBJECT INDEX 




REE signatures 399 (Research communication) 

Refrigerants 1044 (Opinion) 

Remote sensing 648 (Article, IRS-1 C special section) 

Remote sensing, newer applications 495 (Article, IRS-1C 
special section) 

Research accounts 

Fracture initiation in ductile metals 358 
Recent advances in the chemistry of water-soluble phosphi¬ 
nes - Catalytic and biomedical control 215 

Research news 

Auto-catalysis as the possible origin of biomolecular chirality 
259 

Core-satellite hypothesis and the distribution of species: Why 
are species not found everywhere? 340 
Crucial role of the landscape ‘matrix’ in determining bio¬ 
diversity within fragmented habitats 199 
Evidence for Avian mafia! 115 
‘FIP-effect’ in the solar and stellar coronae 693 
Heterobimetallic complexes: A unique H 2 -activating catalyst 
and a model for hydrogenase 875 
How does a fungus know the time of the day? 419 
IRS-1C 343 

Lanthanide organometallic chemistry springs a surprise: A 
serendipitous route to a ‘nonclassical’ carocation 769 
Membrane ion channels: Visualizing the invisible 422 
Metallization of hydrogen - Everest conquered? 876 
Synthesis of cyclotrigerme/ 2 ^ - Carbon not alone in forming 
a three-membered unsaturated ring 13 

Responsibility of a scientist 488 (Commentary) 

Rhizomes 940 (Research communication) 

Rice gall midge 874 (Scientific correspondence) 

Ring widths 739 (Research communication) 

Roentgen, W. C. 878 (Article, X-Ray crystallography and 
NMR special section) 

Rotation of plane 178 (Historical commentary and notes) 

Saccharomyces cerevisiae 312 (Research communication) 
Salinity 1086 (Research communication) 

Salinity changes 467 (Research communication) 

Scanning electron microscope 425 (Scientific correspondence) 
Scheduled biota 428 (General article) 

Science education 8 (Correspondence); 335 (Opinion) 

Science in India 8, 113 (Correspondence) 

Scientific correspondence 

The Academy Fellowship problem-no quick fixes 424 
‘Albino’ mutation in rice bacterial blight pathogen 15 
A call for palaeoseismic investigations to constrain the repeat 
time of great earthquakes in the Himalaya 1039 
Carotid labyrinth, a constant blood pressure regulator of the 
cerebro-retinal blood flow of catfishes-An SEM study 
of the corrosion vascular replica 203 
Cholera toxin, Zonula occludens toxin and accessary cholera 
enterotoxin gene-negative Vibrio cholerae non-01 strains 
produce the new cholera toxin 1041 
Comments on ‘A critical appraisal of the type locality of 
a rare palm from Kumaon Himalaya, India’ 19 
Comments on ‘Fertile plants regenerated from mesophyll 
protoplasts of cold tolerant rice’ 264 
Comments on ‘Single-ion activities by a solid ion transmitter 
bridge and a reference electrode without liquid junction’ 
122 

Differentiation of sclerenchyma fibres in the stem cultures 
of Cissampelos pareira L. (Menispermaceae) 263 


Ecology of forest fires in chir pine ([Pinus roxburghii Sarg.) 

forests of Garhwal Himalaya 426 
Efficient regeneration of Taxus baccata by a non-hormonal 
chemical treatment 202 
Enechelon faults 492 

An experimental annual forecast of all-India summer monsoon 
rainfall using neural network 1039 
Green algae (Oedogonium sp.) and Lemna sp.: The new 
alternate hosts for Spodoptera litura Fabricius 348 
Groundwater development in the arsenic-affected alluvial 
belt of West Bengal - Some questions 956 
The gynandromorph of Armigerus subalbatus (Diptera: 
Culicidae) 696 

How rational is the practice of correlating ancient mudcracks 
with past emergence? 871 

Hyphal interaction between Trichoderma koningii and Usti- 
lago segatum tritici through scanning electron microscopy 
425 

In vitro micropropagation of Asystasia dalzelliana Santapau, 
an endemic species of the Western Ghats 111 
In vitro multiplication of Stevia rebaudiana 960 
Karyotype of rice gall midge, Orseolia oryzae Wood-Mason 
874 

A low-cost culture vessel for in vitro culture of plants 18 
Nitrogen fixation at night in nature 119 
Occurrence of Actinoporella cretacica Rained, an echinoderm 
from the Bagh beds, Dhar area, Central India 120 
On the transience of the influence of Tehri reservoir load 
on Garhwal seismicity 873 

Parasite fauna of fingerlings of Channa spp. used for 
treatment of asthma patients 350 
Photochromism in Stobbe condensation and cyclised products 
959 

Rejuvenating our rivers - The Akshaydhara concept 694 
Scanning electron microscopic detection of a specialized 
cuticular structure on the abdominal surface of the maggot 
of Blepharia zebina (Walk) (Diptera: Tachinidae), para¬ 
sitizing the larvae of the muga silk moth, Antheraea 
assamensis 347 

Strain improvement of hydrocarbonoclastic bacterial isolates 
from mangals of Andaman 15 
Sugarcane honey-its significance 261 
Tapioca-a potential substitute for agar in tissue culture 
media 493 

The vanishing aborigines of the Andaman and Nicobar 
islands 775 

Variability in miniplasmids of Xanthomonas campestris pv. 
alvacearum 200 

Scientific temper 266 (General article) 

Sclerenchyma fibres 263 (Scientific correspondence) 

Sea level 1089 (Research communication) 

Sebellaria settlements 402 (Research communication) 
Sedimentation 1000 (Research communication) 

Seismicity 304 (Research communication) 

Self-tuning power system stabilizer 285 (Research article) 
Sericulture 433 (General article) 

Sesamum alatum 86 (Research communication) 

Shaker potassium channel 422 (Research news) 

Shakespeare 810 (Reproduced article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Shear-wave splitting 843 (Research article) 

Shear zone 304 (Research communication) 

Silkworm 147 (Research article) 

Simple sequence repeats 45 (Review article) 

Simulation model 433 (General article) 

Siwana Ring Complex 854 (Research communication) 


CURRENT SCIENCE, VOL. 70, 1996, SUBJECT INDEX 


xi 





Skolithos linearis 1096 (Research communication) 

Smooth muscle 275 (Review article) 

Solar and stellar coronae 693 (Research news) 

Solar atmosphere 709 (Review article) 

Solar eclipse 848 (Research communication) 

Solar X- and EUV radiation 135 . (General article) 

Solid ion transmitter bridge 122 (Scientific correspondence) 
Solid state physics 490 (News) 

Soybean 675 (Research communication) 

Spacebome stereo imagery 562 (Article, IRS-1 C special 
section) 

Space segment market 642 (Article, IRS-1 C special section) 
Spectral analysis of gravity anomalies 155 (Research com¬ 
munication) 

Sperm maturation 1075 (Research communication) 
Spermatozoa 986 (Research article) 

Spiniferites mirabilis 935 (Research communication) 
Spin-lattice relaxation 698 (General article) 

SPIO antigen 1075 (Research communication) 

Spotted melanosis 976 (Research article) 

Sprague-Dawley rats mammary adenocarcinoma 80 (Research 
communication) 

Stable regions 304 (Research communication) 

Stationary cultures 940 (Research communication) 

Stellar dynamics 784 (Article, Subrahmanyan Chandra¬ 
sekhar-in memoriam special section) 

Stemopleural bristle number 1088 (Research communication) 
Stevia rebaudiana 960 (Scientific correspondence) 

Stimulated Echo Acquisition Mode 899 (Article, X-Ray crys¬ 
tallography and NMR special section) 

Stobbe condensation 959 (Scientific correspondence) 
Stochastic gravitational fluctuations 784 (Article, Subrahman¬ 
yan Chandrasekhar - in memoriam special section) 

Stomatal conductance 672 (Research communication) 
Stratigraphy 772 (Commentary) 

Structural biology 889 (Article, X-Ray crystallography and 
NMR special section) 

Structural provinces 465 (Research communication) 
Structured neuron 447 (Research article) 

Sugarcane honey 261 (Scientific correspondence) 

Sun from space 135 (General article) 

Sunflower 675 (Research communication) 

Superplumes 1093 (Research communication) 

Surfactants 997 (Research communication) 

Sympathetic nerves 275 (Review article) 

Synthetic calmodulin fragments 910 (Article, X-Ray crytal- 
lography and NMR special section) 

Taphonomy 462 (Research communication) 

Tapioca 493 (Scientific correspondence) 

Taxodioxylon gypsaceum 373 (Research article) 

Taxus baecata 202 (Scientific correspondence) 

Tectonism 385 (Research article) 

Tehri reservoir 291 (Research article); 873 (Scientific cor¬ 
respondence); 1008 (Research communication) 

Tensor calculus 285 (Research article) 

Terrain mapping 562 (Article, IRS-1 C special section) 
Terranes 465 (Research communication) 
Tetraethylammonium ions 312 (Research communication) 
Thermal adaptation 92 (Book review) 


Three-dimensional structure 910 (Article, X-Ray crystal¬ 
lography and NMR special section) 

Tomato ripening 1017 (Research communication) 

Top-scorers 7, 417 (Correspondence) 

Total solar eclipse 113, 689 (Correspondence) 

Transformation size 406 (Research communication) 

Transgene inactivation 654 (General article) 

Transgenic plants 654 (General article) 

Triple helix 687 (In this issue); 690 (News) 

Tuberculosis 1050 (General article) 

Tumour cells 143 (Review article) 

Tumour growth inhibition 1022 (Research communication) 

Ultra-aluminous 737 (Research communication) 

Ultra-potassic 737 (Research communication) 

Upper Cretaceous 462 (Research communication) 

Urban planning and development 582 (Article, IRS-1C special 
section) 

Urban-utility mapping 629 (Article, IRS-1 C special section) 

Vaccine carrier 669 (Research communication) 

Vaccine titre 437 (General article) 

Vascular replica 203 (Scientific correspondence) 

Vedic mathematics 198 (Correspondence) 

Velocity averaging 125 (General article) 

Vertical ground displacements 1008 (Research communica¬ 
tion) 

Vibrio cholerae 237 (Research communication); 1041 (Sci¬ 
entific correspondence) 

Viscosity solutions 125 (General article) 

Void nucleation 358 (Research account) 

Volcanic rocks 858 (Research communication) 

Voltage sensor 422 (Research news) 

Volume localized spectroscopy 899 (Article, X-Ray crystal¬ 
lography and NMR special section) 

Vortex lines 789 (Article, Subrahmanyan Chandrasekhar - in 
memoriam special section) 

Water management 589 (Article, IRS-1 C special section) 
Water-soluble phosphines 195 (In this issue); 219 (Research 
account) 

Weed reservoir 63 (Research article) 

Western Ghats 36 (General article) ' 

Wheat seeds 1012 (Research communication) 

White dwarfs 781 (Article, Subrahmanyan Chandrasekhar - in 
memoriam special section) 

Whitefly-transmitted viruses 63 (Research article) 

Woody perennials 81 (Research communication) 

World Wide Web 418 (News) 

Xanthomonas 200 (Scientific correspondence) 

X-rays 878, 889 (Articles, X-Ray crystallography and NMR 
special section) 

Yellow mosaic virus 63 (Research article) 

Young scientists 257, 417, 482 (Correspondence) 

Zoosporic fungi 393 (Research communication) 


xii 


CURRENT SCIENCE, VOL. 70, 1996, SUBJECT INDEX 














DEPARTMENT OF SCIENCE & TECHNOLOGY 


Know How Ready for Transfer to Industries 

As a consequence of the endeavours of Department of Science 
& Technology (DST) to promote the indigenous development 
of instruments through R&D organizations, the following instru¬ 
ments have been developed and know how is ready for transfer 
to industries for commercial production: 

1. Opthaimoscope and Otoscope 

2. Portable Ultrasound Scanner 

3. Drug Infusion Pump and Controller 

4. Servo-Controlled Baby Care Incubator 

5. Electrodes for Neuro-physiological Applications 

6. Laser Scanning Micrometer 

7. Laser Displacement Transducer 

8. Multilayer Coatings (0.4 to 1.1 j_l) for Laser 

9. Seismograph 

10. Solid State Memory-based Intelligent Seismic Data Recorder 
and Analyser 

11. Inclinometer/Tiltmeter Probe along with Digital Indicator 

12. Leaf Area Computer 

13. Hand Held Vibration Analyser 

14. PC-based 100 MHz Logic Analyser 


Interested manufacturing industries may write immediately 
to Joint Adviser (IDP), Department of Science & Technology, 
Technology Bhavan, New Mehrauli Road, New Delhi 110 016 
for details of specifications etc. of the above instruments and 
terms and conditions of technology transfer. 



Founded: 1932 


ISSN: 0011-3891 



3 In this issue 

EDITORIAL 

5 Coping with liberalization 

CORRESPONDENCE 

7 Top-scorers need not be the best brains, C. K. John ■ 8 Science in India - Vision 

and reality, B. R. Sant H 8 University science education: Need for a national 
agenda, Rana Pratap Singh ■ 9 Intellectual property rights and biological 

resources, Ashish Kothari; reply by Madhav Gadgil and Preston Devasia 

~ NEWS ” 

Report on ‘Global analysis, interpretation and modelling (GAIM) science 
conference’ 

C. P. Geevan 

COMMENTARY 

11 India’s manganese nodule mine site in the Central Indian Ocean 

V. K. Banakar 

RESEARCH NEWS 

13 Synthesis of cyclotrigermenes - Carbon not alone in forming a three-membered 

unsaturated ring 

S. S. Krishnamurthy 

SCIENTIFIC CORRESPONDENCE 
15 ‘Albino’ mutation in rice bacterial blight pathogen 

J. C. Durgapal 

15 Strain improvement of hydrocarbonoclastic bacterial isolates from mangals of Andaman 

B. R. Shome, Rajeswari Shome and A. K. Bandyopadhyay 

18 A low-cost culture vessel for in vitro culture of plants 
P. Sathiyamoorthy and S. Shanmugasundaram 

19 Comments on ‘A critical appraisal of the type locality of a rare palm from 
Kumaon Himalaya, India’ 

A. .R. Kulkarni and B. S. Pawar; reply by T. S. Rana et al. 

GENERAL ARTICLES 

21 Plutonium and thorium in the Indian nuclear programme 

R. Chidambaram and C. Ganguly 
36 Documenting diversity: An experiment 

Madhav Gadgil 

REVIEW ARTICLE 

45 Microsatellites in plants: A new class of molecular markers 

P. K. Gupta, H. S. Balyan, P. C. Sharma and B. Ramesh 


CURRENT SCIENCE, VOL. 70, NO. 1, 10 JANUARY 1996 


1 







RESEARCH ARTICLES 

55 \ novel method for mapping assembled epitopes in batches: Identification of 

three epitopes at the receptor binding region of human chorionic gonadotropin 
G. S. Murthy and N. Venkatesh 

63 Genome homologies among geminiviruses infecting Vigna, cassava, Acalypha, 

Croton and Vernonia 

R. Vanitha Rani, A. S. Karthikeyan, S. Anuradha and K. Veluthambi _ 

RESEARCH COMMUNICATIONS 

Partially oxidized ferrocenyl complexes for nonlinear optics 
K. Alagesan, Paresh Chandra Ray, Puspendu Kumar Das and Ashoka G. Samuelson 
Occurrence of fluoride in the groundwaters and its impact in Peddavankahalla 
basin, Bellary District, Karnataka - A preliminary study 
B. K. Wodeyar and G. Sreenivasan 

Australasian microtektites from the Central Indian Basin: Implications for 
ejecta distribution patterns 
M. Shyam Prasad and M. Sudhakar 

An efficient method of isolating mitochondrial and chloroplast DNA from higher 
plants 

Weiqi Li, D. Z. Skinner and George H. Liang 

Antitumour activity of ammoranin from Amoora rohituka stem bark 
T. Rabi 

Flowering process in generative buds of woody perennials: An experimental approach 
Rajiv Angrish and K. K. Dhir 

Induction of hairy roots in tea {Camellia sinensis L.) using Agrobacterium rhizogenes 
M. Zehra, S. Banerjee, A. K. Mathur and A. K. Kukreja 

A study on mechanism of phyllody disease resistance in Sesamum alatum Thonn. 
M. Parani, K. N. Singh, S. R. Sree Rangasamy and R. S. Ramalingam 

BOOK REVIEWS 

90 Infinity and the Mind, reviewed by A. N. Mitra B 91 Conversations on Mind, 

Matter and Mathematics, reviewed by N. Mukunda B 92 Annual Review of 
Physiology 1995, reviewed by S. K. Sikdar B 94 India and Antarctica during 
the Precambrian, reviewed by M. Ramakrishnan 

PERSONAL NEWS 

95 A profile of Chandra, G. Srinivasan B 102 S. Chandrasekhar: A personal 

portrait, Abhay Ashtekar 

HISTORICAL COMMENTARY AND NOTES 
104 S. Chandrasekhar and C. V. Raman—Some letters 

S. Ramaseshan 


69 

71 

74 

78 

80 

81 

84 

86 



COVER. Landscape of Neerelekoppa - A view from the eastern side of Western 
Ghats in Chickmagalur taluk (Photo: M. D. Subash Chandran). See page 36. 

Indexed in CURRENT CONTENTS/GEOBASE/CHEMICAL ABSTRACTS 


2 


CURRENT SCIENCE, VOL. 70, NO. 1,10 JANUARY 1996 





In this issue 


Nuclear fuels 

The Indian Atomic Energy Pro¬ 
gramme had been launched in the 
late forties and early fifties through 
the visionary initiative of the late 
Homi Bhabha who had recognized 
the importance of this new source 
of energy and its vital relevance to 
the industrial development of the 
country. In cogently arguing on the 
imperative need for developing 
nuclear energy Bhabha had high¬ 
lighted the problems and limitations 
regarding the other energy sources, 
like coal and hydro-electricity, and 
emphasized that - apart from the 
problems arising from the poor 
quality of coal and the transportation 
of coal over long distances and the 
difficulties of harnessing hydel ener¬ 
gy in the Himalayan regions - these 
resources will also be inadequate to 
meet the increasing energy demands 
in the country even in the foreseeable 
future. These arguments are even 
more valid today. 

Thanks to the organized and sus¬ 
tained efforts over the past four 
decades, the Department of Atomic 
Energy has been successful in estab¬ 
lishing a comprehensive science and 
technology base spanning the entire 
nuclear fuel cycle, particularly 
designed to suit the resource position 
with regard to nuclear materials in 
the country. The only naturally 
occurring fissionable nuclear fuel is 
the uranium-235 isotope which forms 
a minor fraction (0.7%) of natural 
uranium, the more abundant isotope 
being uranium-238. However when 
uranium-238 is irradiated with 
neutrons in research or power reac¬ 
tors, it gets transformed to a new 
element plutonium (which does not 
occur in nature). Plutonium being 
chemically different from uranium 
can be separated by chemical 
processing, and like uranium-235 it 
is also a fissionable nuclear fuel 


which can be used for nuclear power 
generation. Similarly, thorium which 
is more abundant in nature than 
uranium can be transformed in a 
nuclear reactor to uranium-233, 
which again can be used as a power 
reactor fuel. 

It so happens that the Indian 
resources of uranium have been as¬ 
sessed to be rather limited compared 
to more abundant thorium resources. 
This has necessitated the organization 
of the Indian Atomic Energy Pro¬ 
gramme in three stages: 

1) The use of natural uranium in 
water-cooled power reactors, aiming 
to set up an electrical generation 
capacity equivalent to some 10 to 
15 thousand megawatts. 

2) Extraction of plutonium from the 
fuel discharged from the first genera¬ 
tion power reactors, and using it as 
fuel in the second generation fast 
breeder reactors. (The fast breeder 
reactors will enable the progressive 
conversion of uranium-238 to 
plutonium-239, and a power genera¬ 
tion capacity as high as 350,000 
megawatts (electric) is potentially 
possible with these reactors.) 

3) The deployment of thorium at an 
appropriate stage is necessary when 
the uranium resources are getting 
exhausted, so that sustained nuclear 
power generation will be possible 
for many centuries, using the 
thorium-uranium-233 cycle. 

It should be emphasized at this 
stage that though international efforts 
have been pursued on futuristic ener¬ 
gy options like nuclear fusion and 
solar energy, as of date the 
plutonium-fuelled fast breeder reactor 
is the only technology demonstrated 
on a large scale as a clear possibility 
for the interim time frame. This has 
been recognized in the nuclear energy 
programmes of countries like Japan, 
France, and Russia, which like our¬ 
selves are keen to achieve self- 


reliance and independence in regard 
to energy supplies for the future. 

The paper by R. Chidambaram and 
C. Ganguly (page 21) comprehen¬ 
sively deals with the various science 
and technology aspects of the utiliza¬ 
tion of plutonium and thorium, where 
the Indian achievements have been 
impressive and unique, offering good 
promise for the future. The paper 
also refers to the successful nuclear 
explosion experiment that was con¬ 
ducted at Pokharan in May 1974. 
While the political implications of 
this test have been the subject of 
discussion ever since, the paper 
presents a scientific analysis of the 
test results. The experiment has also 
contributed to the establishment of 
an advanced research programme at 
Trombay on the behaviour of 
materials at very high pressures and 
under shock wave conditions. 

C. V. Sundaram 

Diverse benefits from 
documenting biodiversity: A 
success story 

Scientists are driven by a diversity 
of desires. Some pursue only frontier 
(read fashionable) science; others, 
useful science. Yet another group 
(perhaps unwilling to do either) may 
take initiative for improvement of 
science education. Some have a 
global perspective; others would 
rather be patriotic. Some remain con¬ 
fined to their own superspeciality 
(and vigorously defend doing so); 
others advocate (with equal vehe¬ 
mence) active participation in social 
development. Some study science for 
its own sake; others explore the pos¬ 
sible commercial potential of every 
finding. It is impossible to think of 
a focused research programme which 
simultaneously caters to all these 
motivations. 
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Or is it? Going by the account of 
‘Documenting biodiversity: an ex¬ 
periment’ (page 36 of this issue), 
Madhav Gadgil seems to have pulled 
off this apparently impossible feat. 
This is a story of the study of 
biodiversity of Western Ghats, con¬ 
ducted by a network of 20 under¬ 
graduate colleges and 5 NGOs, from 
five states, involving over 30 teachers 
and 200 students, working in close 
collaborations with scientists from 
other research institutes. The infor¬ 
mation gathered by this group is of 
considerable scientific interest and 
could lead to publications in major 
international journals in this 
fashionable field of biodiversity. It 
may have commercial potential-in 
terms of data on medicinal plants, 
for example. It would also help India 


to fulfill her international obligation 
(as a signatory to Convention on 
Biological Diversity) of document¬ 
ing, monitoring and conserving 
biodiversity. Moreover, the par¬ 
ticipating students got an excellent 
opportunity for experiencing first¬ 
hand the excitement of doing science. 
Pointing out the very modest finan¬ 
cial outlay of the project, the author 
makes a very convincing case for 
using this as a model for studying 
biodiversity at other places in India 
as well as other parts of the (third?) 
world. 

Not every one will subscribe to 
this rosy picture, however. Some 
would question the validity (if not 
the sanity) of putting the act of 
counting crows and lizards on the 
same footing as that of measuring 


the magnetic susceptibility of high 
temperature superconductors. Others 
would argue about the superiority of 
learning (even by rote) the laws of 
thermodynamics — over the apparent 
excitement of being able to see the 
distinction between two sub-sub 
species of spiders. A third set, busy 
with rigorous experimental gene 
manipulations using high-tech (and 
expensive) biochemicals, would per¬ 
haps dismiss all field work as nothing 
but picnics. However, none can doubt 
the vital importance of the data col¬ 
lected herein for devising strategies 
for site-specific, sustainable and ra¬ 
tional management of precious 
natural resources. 


N. V. Joshi 


G. B. Pant Institute of 
Himalayan Environment and Development 

Applications are invited for the position of Junior Research Fellow (1 No.) in 
the Project entitled Seedling development and subsequent growth in relation 
to cotyledonary senescence in two alpine rosettes' funded by the Department 
of Science and Technology, Government of India. The duration of the project 
is for a period of two years. Qualifications: Master's degree in Plant Physio¬ 
logy/Environmental Physiology/Biochemistry/Seed Biology. Weightage will be 
given to candidates who have qualified NET/GATE. Age limit, 18-30 years 
Emoluments, Rs. 2500 + HRA. y 

Desirous candidates may apply to Principal Investigator, DST Project (Attn: 
Dr S. K. Nandi), G. B. Pant Institute of Himalayan Environment and Develop¬ 
ment, Kosi-Katarmal, Almora 263 643 (U.P.) within 15 days from the date of 
this publication, giving complete particulars about personal details, qualifications, 
experience, etc. Possessing minimum qualifications will not entitle a candidate 
to be called for the interview. 
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EDITORIAL 


Coping with liberalization 

Liberalization, to most people refers to the dramatic 
changes that have taken place in the economy of 
the country and indeed the world. At Current 
Science, however, we have been wrestling with 
problems of a different sort; the liberalization of 
our Correspondence and Opinion columns. The jour¬ 
nal, over the past few years, has attempted to 
provide a broad forum for the expression of diverse 
opinions on matters of interest to India’s disparate 
and widely diffused scientific community. On 
occasion, the journal has initiated debate; the attitude 
of government towards science, the National Science 
University proposal and the Academy’s science 
education document are instances. To the average 
reader, opinions on matters of science policy make 
far more interesting reading than the turgid prose 
of most research articles or the esoteric scholarship 
of historical sections and book reviews. 

The fact that all is not well with Indian science 
has been belaboured extensively. Institutions (and 
individuals) have been criticized; often obliquely, 
sometimes directly. Out of this criticism has come 
a better appreciation of the problems that we 
face; but certainly no definite solutions are in sight. 
Does open expressions of dissent and disagreement 
serve any purpose, other than purge the writer of 
tensions; providing cathartic relief? As editors we 
are acutely aware that to the writer, nothing seems 
more important than his opinion. The opening of 
the pages of this journal to a broad spectrum of 
correspondents has, however, led to a backlash. A 
scientific establishment unused to debate, overly sen¬ 
sitive to criticism and unfamiliar with liberal practices, 
elsewhere, has begun to worry that the pages of this 
journal may be used to cause irreparable harm to the 
fabric of Indian science. Is the edifice of our science 
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so fragile that even murmurs of dissent assume the 
proportions of a major catastrophe? The abilities of 
the editors to act as liberal overseers of the journal 
does not obviously inspire confidence. 

The start of a new year seems an appropriate 
time to reiterate the primary goal of this journal, 
which is to provide a forum for the publication of 
the results of the most interesting scientific research 
in the shortest possible time. Unfortunately, editors 
must choose (with the help of reviewers) the best 
from what they receive. This, as in the case of 
most Indian journals, is simply not good enough. 
While pious opinions are invariably voiced in public 
and in committees, there has been no major effort 
at improving the quality and appearance of our 
research journals. Current Science caters to a broad, 
interdisciplinary audience. The journal must there¬ 
fore have ‘something for everyone’. It is this 
compulsion that motivated the introduction of sec¬ 
tions which are of general interest. Some of these 
have grown into ‘problem sections’ of the journal. 
Ironically, what is unread does not bother the 
critics; the difficulty is with the matter that is 
widely read. 

The task of the editors is to tread a delicate path 
and real (and imaginary) transgressions are un¬ 
avoidable. Apologies to authors, readers, reviewers 
and even editorial board members have been grow¬ 
ing—a sure sign of success in unleashing a genie 
which may now be difficult to bottle. Should 
opinions (and editors) be fettered? We strongly 
believe that liberalization must mean more than 
Kellogs cornflakes. An all-round liberalization of 
thinking, an ability to respond and learn from 
criticism, an openness in accepting ideas from un¬ 
expected quarters, a sense of humour which permits 
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us to laugh at ourselves and a consciousness of Michael Atiyah (the outgoing President of the Royal 
our own fallibility may indeed provide a more Society) has called for scientists to criticize the 
attractive path to the future. Should scientists speak establishment where necessary’ and ‘to demonstrate 
up individually and collectively? The answer from that independence of thought really is the hallmark 
two widely different sources is an unequivocal, yes. of a scientist’. 

At an entirely different level, the Beatles said it all in their inimitable way: 

Nowhere Man 

He is a real Nowhere Man 
Sitting in his nowhere land 
Making all his nowhere plans for nobody. 

Doesn’t have a point of view 
Knows not where he’s going to 
Isn’t he a bit like you and me? 

Nowhere Man please listen 

You don’t know what you’re missing. 

Nowhere Man the world is at your command. 

He’s as blind as he can be 
Just sees what he wants to see 
Nowhere Man can you see me at all? 

Nowhere Man, don’t worry 

Take your time, don’t hurry 

Live it all, till somebody lends you a hand. 

(Sung to an academic in the motion picture Yellow Submarine, and also featured 
in a Beatles album with the same title.) 


P. Balaram 
S. Ramaseshan 
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Top-scorers need not be the best brains 


Slowly but steadily a notion is getting 
established that the inability to get top- 
scorers to pursue higher education and 
careers in science is one of the main 
reasons why India lags behind in 
Science 1 " 3 . I think this notion is incor¬ 
rect. 

In the present education system based 
on rote learning and memory-based 
examinations, only three things can be 
said about the top-scorers: (i) they are 
systematic hard workers, (ii) they have 
a very good memory, and (iii) possibly 
they also have a conducive family back¬ 
ground (peaceful, supportive and in many 
cases financially sound). The top-scorers 
(or their parents) know well the impor¬ 
tance of money, and have understood the 
importance of scoring very high percent¬ 
ages of marks (in the 10th and 12th 
examinations) for getting admission to 
professional courses. 

Top-scorers are generally interested in 
all subjects, including languages (which 
alone makes it possible to score more 
than 90% marks in the aggregate). This 
would mean that possibly they have no 
specific interest in any one subject. The 
first preference of most top-scorers is 
medical education. If the top-scorers are 
the best brains suitable for research, we 
should have been in the forefront of 
medical research, which we are not 4 . Most 
of the medical graduates go for practice 
rather than research. Medical research 
(especially medical technology) is one 
area in which we lag behind far more 
than many other fields. At the same time, 
it is an area having vast potential for 


India and other developing countries. 

Memory is not the only thing which 
is essential for science. What is required 
in science is a ‘creative instinct’ 5 . Science 
needs people who can imagine vividly 6 . 
Michael Faraday had only three years of 
schooling and Ramanujan did not have 
any formal university education. As such 
they were not top-scorers by any means. 
But their contributions to science cannot 
be equated to the accomplishments of 
any top-scorer, or for that matter the 
achievements of a thousand top-scorers 
put together. 

It is not intended to say that a good me¬ 
mory and systematic hard work are not 
needed in science. Scientific research in¬ 
volves two aspects: the first one is the search 
to discover, for which a ‘creative instinct’ is 
essential, and the second one is verification, 
comparison, generalization, explanation into 
other realms etc. for which lot of patience 
and systematic hardwork are necessary 5 . 

Creativity can definitely be nurtured. 
A suppressive environment can also 
produce creative geniuses. Different 
people react differently to suppression; 
some react passively whereas others revolt 
against suppression. To my mind, many 
scientific geniuses (especially in India) 
represent this revolt against the suppres¬ 
sion, more than careful nurturing. 

The ideas behind the National Science 
Talent Search award scheme (1964) and 
the National Talent Search award scheme 
(1977) are very good. But they do not 
take into account ground realities. It has 
to be accepted that in the present socio¬ 
economic milieu most of the top-scorers 


opt for professional courses. That alone 
satisfies the aspirations of their parents 
and the society at large, ensures sound 
financial gains, and a steady climb on 
the social ladder. Because ol this it is 
very difficult to attract top-scorers to 
research in pure sciences. Hence the 
search for science talent has to be done 
at the B Sc level; to attract those interested 
in science to pursue education in science 
by offering scholarships. Part of the 
money can also be used for improving 
the laboratories and libraries in the 
colleges. Scholarships offered at the 
school and + 2 level for attracting those 
interested in science are going to be used 
by medical and engineering aspirants 
much in the same way as many IAS 
aspirants use Junior Research Fellowships. 


1. Indian Academy of Sciences - Panel Report 
on ‘University education in Science*, Curr. 
Sci ., 1995, 68, 255-267. 

2. John, S., Curr . Sci., 1995, 68, 485-486. 

3. Sitaramam, V., Curr. Sci., 1995, 68, 779- 
783. 

4. Valiathan, M. S., Curr. Sci., 1995, 68, 
789-793. 

5. Rao, C. N. R., Curr. Sci., 1995, 68, 1073- 
1077. 

6. Rao, C. N. R., Sci. Rep., 1995, 32, 18-23. 


C. K. John 

Plant Tissue Culture Division, 

National Chemical Laboratory, 

Pune 411 008, India 
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Science in India - Vision and reality 


In the above article by S. B. Kabiraj 
{Curr. Sci., 1995, 68, 569-570), a fervent 
appeal to scientists to change the dismal 
scenario and build a proper work culture 
for the benefit of the common man. He 
says, There is so much relevant work 
already done which needs to be extended 
by CSIR to the rural areas’. I have worked 
in CSIR, industry, and university. In 
today’s economic scenario there is greater 
need for application of science rather than 
doing science for science’s sake. As 
Angus Duke says in his thought-provok¬ 
ing article ‘Develop or decline’, ‘In truth 
while basic science may be a useful 
handmaid to the technologies, she is a 
bad mistress and a worse ruler’, ( Chem . 
Brit., June 1994, pp. 473-474). The 
Department of Trade and Industry, UK 
jointly with the Fellowship of Engineering 
and The Royal Society started an Innova¬ 
tion Lecture Series to ‘raise awareness 
of the importance of innovation in all 
sectors of business and education com¬ 


munities as well as among the public at 
large’, the inaugural lecture being 
delivered by Akio Morita, Chairman of 
the Board of the Sony Corporation on 6 
September 1992. His subject was ‘S’ does 
not equal ‘T’ and ‘T’ does not equal T 
where S, T and I refer to science, tech¬ 
nology and innovation. 

Innovation, the successful exploitation 
of new ideas, has significance not only 
in business and industry, but in the entire 
chain of activities leading to it, which 
includes R&D. A larger part of credit 
for the ‘green revolution’ is given to 
agricultural ‘extension’ services. In prac¬ 
tically every sphere of activity, successful 
practical results justify the means. Some¬ 
how this has not happened for govern¬ 
ment - funded S&T in India to an extent 
it ought to have. ‘Relevant work’ alone 
is not enough, we need to prove the 
relevance and this is possible by extension 
people (call them by any name—workers, 
scientists, technologists, engineers, facili¬ 


tators, technology transfer agents). They 
can or should take the ‘relevant work’ 
to the field and demonstrate efficacy and 
benefits. Such an extension activity may 
need an appropriate management training. 
We have to market the R&D results 
already achieved and ‘market-orient’ our 
future R&D. This will necessitate 
development-oriented thinking in the 
higher educational system and research 
institutes by reducing excessive interests 
in the ‘R’ of R&D and reforming our 
Ph D programmes. This is a vast subject 
which needs separate treatment. Nonethe¬ 
less, the reorientation exercise in no way 
reduces the importance of research (basic, 
fundamental or applied) which will have 
to be continued but in selected areas. 

B. R. Sant 

C-14/2, Kakateeya Nagar, 

Habsiguda, 

Hyderabad 500 007, India 


University science education: Need for a national agenda 


Science education in our universities is 
in poor shape. Several thought-provoking 
points have been discussed in the 
Academy document 1 and in the succeed¬ 
ing comments 2 " 6 which indicate that 
university science education in the country 
is on a track of rapid decline. A relevant 
question can be asked as to what are the 
real causes for the decline? 

Is it a crisis on the part of leadership 
and management? In spite of a good 
heritage of modem science in the post 
independence era, especially in the Nehru 
phase, contemporary leaders in science 
management and more so in University 
science have not kept pace with world 
science on one hand, and largely failed 
in solving various problems in the country 
on the other. 

A comment on the issue 5 simplifies the 
cause of decline to the poor quality of 
non-refereed research journals and UGC 
schemes. Are the selections for the open 
posts fair and based on the quality of 
research of the candidate? 

Adequate funds, a nice working system. 


motivations, rewards and recognitions are, 
unfortunately not available to committed 
workers these days. If a person works 
very sincerely for a decade or so and 
receives nothing but humiliation in return, 
what motivation does he get to do good 
science? In such circumstances certain 
alternate systems may be considered. An 
entry in the faculty positions may be 
regulated by National Entrance Test or 
more so by the ‘Indian University Service’ 
on the pattern of other first rate services 
like Indian Civil Service examinations, 
medical services, agricultural services, etc. 
It will reduce favouritism on the basis 
of group alignment, caste, creed, regiona¬ 
lism, etc. Introduction of a running grade 
system for inservice people may be 
another good way to reduce their 
exploitations and sufferings in the name 
of promotions. University teachers once 
in the service may be given time bound 
benefits with a reasonable job load. For 
example, those who are not interested in 
developing their own projects may get 
associated with some integrated national 


projects in their area of specialization to 
keep them active and updated. 

The role of the universities is to create 
new knowledge, to analyse existing 
knowledge and to train human resources 
required for the development of a modem 
and civilised society. 

Universities as centres of learning 
should give an opportunity to intellectuals 
to think and to set good traditions in 
society. Unfortunately, favouritism in the 
selection of faculty, external interference, 
and avoidance of people with specific 
ideologies are becoming common pheno¬ 
mena day by day. How did the clock 
start moving backwards? 

Senior people in the universities either 
get involved or surrender to such hap¬ 
penings in the selection committees. The 
anarchy at each level gives them oppor¬ 
tunity to be ‘donor’ of posts, promotions 
and benefits and feudal values emerge. 
Those who are different are crushed in 
the system. 

And now without analysing and dis¬ 
cussing about the real causes of deteriora- 
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tion and the real role of the universities, 
the infrastructure the country has deve¬ 
loped is advocated to be surrendered to 
the private sector by the supporters of 
the new economic policy - which will 
fuel the crisis in the universities and 
university science. 

The germs of this illness can be traced 
out in the complex character of our society 
too in which the university system exists. 
Universities as centre of learning are 
expected to bring out society up from its 
traditional evils but somehow social evils 
have dominated the university system. 
The remedy is not easy. But further 
deterioration will lead to the collapse of 
the system good or bad we have 
developed with a definite infrastructure. 


It needs* thorough discussion and parti¬ 
cipation of each section. Superficial and 
ill-worked conclusions do not help; 
rather they will divert the input and 
energy. 

Planning should be drawn to search 
out motivated people from the masses 
and not from the elite sections who live 
in the big cities only for higher education 
and technical training. General standards 
of input and output have to be improved 
countrywide and definite accountability 
is required to be fixed at each level. 
Participation of youngsters and people 
from the distantly placed universities and 
colleges should also be assured in the 
decision-making bodies. Most important¬ 
ly, science education and research should 


be well linked to the societal and environ¬ 
mental problems of the country. 


1. University Education in Science, Academy 
Report, Curr. Sci ., 1995, 68, 255-267. 

2. Tiwari, S. C., Curr. Sci., 1995, 69, 213-215. 

3. Sitaramam, V., Curr. Sci., 1995, 69, 89-94. 

4. Lai, D., Curr. Sci ., 1995, 68, 865-867. 

5. Bhattacharya, S., Curr. Sci., 1995, 69, 221-222. 

6. Sarkar, P. C., Curr. Set, 1995, 68, 1001- 
1002. 


Rana Pratap Singh 

227/B, Model Town, 

Medical More, 

Rohtak 124 001, India 


Intellectual property rights and biological resources 


The article by Madhav Gadgil and Preston 
Devasia on ‘Intellectual property rights 
and biological resources: Specifying 
geographical origins and prior knowledge 
of uses’ {Curr. Sci., 1995, 69, 637-639) 
has a significant bearing on the debates 
relating to the Convention on Biological 
Diversity (CBD) and the General Agree¬ 
ment on Trade and Tariffs (GATT). Some 
comments: 

1. IPR specifications should include not 
only a declaration of country of origin (or 
other source) and known indigenous 
knowledge (as suggested by the authors), 
but also proof that the material/knowledge 
has been obtained in keeping with the 
provisions of the CBD. This would include: 

- Prior informed consent of the country 
of origin (Art. 15 of the CBD); 

- Mutual agreement with country of 
origin (Art. 15); and 

- Consent of local community, if any, 
from where collected (Art. 8j). 

I have, in a note to the CBD Conference 
of Parties, proposed an International Cer¬ 
tificate Regime, in which such declara¬ 
tions are made. However, even before 
such a regime can be established (possibly 
as a protocol to the Convention), IPR 
rules can specify such requirements. 

2. The authors’ definition of ‘country of 
origin’ is problematic (it incidentally came 
up in a similar form and received heated 
reactions during the negotiating rounds 
to the CBD), for the following reasons: 

- It appears to suggest that the Conven¬ 
tion’s provisions should act retroactive¬ 


ly, to which there is vehement opposi¬ 
tion not only from industrial countries 
but even from many tropical countries 
which have received genetic resources 
from other tropical countries (for in¬ 
stance, would India be made to pay 
for coffee/tea/rubber, or Latin American 
countries for coffee?); 

- It does not match with the CBD’s, and 
amendments at this stage are extremely 
unlikely; 

- Some other system would have to be 
figured out for resources whose origin 
is unknown or unclear, or whose origin 
was in a ‘country’ the boundaries of 
which now exclude the region of origin 
(if something originated in what is now 
Pakistan, who would be the country 
of origin: India or Pakistan?); 

- What are ‘components of natural 
biological communities’; is a wild plant 
taken from India and ‘naturalized’ for 
over a century in, say, Brazil, such a 
component? Is Prosopis juliflora, or 
Lantana camara, now ‘naturalized’ in 
India, such a component? 

- In case of domesticated/cultivated com¬ 
ponents, I can understand that the 
authors want to exclude countries which 
have received crops/livestock from 
other countries in the last five hundred 
years; but what of varieties which have 
been developed within the last five 
hundred years? These are not covered 
by the authors’ definition. 

It was some of the above reasons which 

led the negotiating parties in the CBD 

to the simple definition of countries of 


origin as those countries which possess 
the resources in situ. By no means is 
this the ideal definition (especially given 
that many true countries of origin lose 
out), but it appears to avoid many of the 
problems, and is therefore the most acce¬ 
ptable. In the long run, we could consider 
a less problematic definition, like: 
‘country where the resource is known to 
have had its first occurrence, and, in the 
case of resources for which this is not 
known, the country where the resource 
occurs in in situ conditions’. 

3. There are now several other concrete 
suggestions for ensuring recognition and 
returns for local community knowledge, 
including some form of community intellec¬ 
tual rights, material transfer agreement 
contracts, and so on. Some of these may 
be as effective as IPR regimes, and need 
to be examined worldwide and in India. 

4. Finally, I must add that the question 
of whether IPRs should be allowed on 
life forms (and biotechnologies) at all is 
far from resolved; I personally have 
several ethical and socio-political reser¬ 
vations, and my comments above should 
not be construed as a fundamental acce¬ 
ptance of such IPRs. Any further debate 
on the above could perhaps touch on this 
aspect as well. 

ASHISH KOTHARI 

Indian Institute of Public Administration, 
Indraprastha Estate, Ring Road, 

New Delhi 110 002, India 
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Gadgil and Devasia reply: 

Ashish Kothari’s comments are well 
taken. IPR specifications are meant to 
disclose fully how a particular invention 
was arrived at and to enable another party 
skilled in the art to practice it. Our 
suggestion that the specification include 
information on the biological resource, 
country/ies of origin and common public 
knowledge fits in well with this purpose 
of specification. Once this information is 
specified, it is straightforward to ask for 
evidence of prior informed consent of 
the country/ies and community/ies. It may 
or may not be advisable to ask for this 
as a part of the specification by countries 
which are not yet parties to the Conven¬ 
tion on Biological Diversity. 


The issue of country of origin needs 
to be discussed in some depth. The issue 
of further evolution of genetic variation 
after introduction of a species outside the 
country of origin is significant and needs 
serious scientific assessment. However, 
the whole purpose of the Convention of 
Biological Diversity would be defeated 
if there is to be no tracing a country of 
origin prior to December 1993. 

We do not share Ashish Kothari’s op¬ 
timism that we may yet decide that no 
intellectual property rights would be al¬ 
lowed on life forms and biotechnologies. 
GATT insists on IPR’s on micro¬ 
organisms, microbiological processes and 
plant varieties. Already there are well 


established IPR’s on products based on 
biological molecules. Of course, 
philosophers can and should continue to 
debate these issues, but scientists and 
technologists would be more fruitfully 
occupied in working out policies which 
would best serve the interests of our 
country and our people under the regime 
imposed by India’s accession to GATT. 

Madhav Gadgdl 
P. Devasia 

Centre for Ecological Sciences, 

Indian Institute of Science, 

Bangalore 560 012, India 



NEWS 

Report on ‘Global analysis, interpretation and modelling (GAIM) 
science conference’ } 


The global environmental concerns have 
attracted considerable attention, parti¬ 
cularly issues such as climate change, 
global warming and the ozone hole prob¬ 
lem. At the heart of these concerns are 
the several experimental observations, 
many theoretical studies and quite a few 
computer models of global change. An 
international conference on global data 
analysis and assessment, modelling of 
biogeochemical systems and their relation¬ 
ship to physical climate as well as inter¬ 
pretation of current trends in data and 
modelling could not have been held at 
a more opportune time. 

The recently concluded GAIM Science 
Conference, organized by the International 
Geosphere-Biosphere Program, Septem¬ 
ber 25-29, 1995, Garmisch—Partenkir- 
chen, Germany brought together over 300 
scientists from 44 countries in a major 
effort to advance the study of the coupled 
dynamics of Earth system using both 
empirical studies and computer models. 
A significant participation from the 
developing countries was made possible 
thanks to the generous funding from the 
German government and the National 
Science Foundation, USA. There were 
about twelve participants from India. 
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The focus was on biogeochemical 
cycles, as well as the identification and 
assessment of natural and anthropogenic 
changes in the various subsystems of the 
Earth. The research findings reported 
covered real-time and proxy or indirect 
measurements of past and present changes 
in global systems. These findings also 
relate to changes in the climate system 
and its interaction with biological systems 
such as forests, wetlands, ocean biota and 
other ecosystems. The sessions were 
grouped by time periods into four major 
sections: Paleo (more than 20,000 years 
before the present, i.e. 20 ky BP), His¬ 
torical (2 ky BP or so), Contemporary 
(last few decades) and the Future. A 
special session on global systems integra¬ 
tion addressed the problems of combining 
the interactions and feedbacks of 
biogeochemical subsystems into whole- 
earth models. 

Studies of paleo-climate, as inferred 
from indirect measurements, show that 
climate change is largely the reaction to 
forcings such as orbital, solar and volcanic 
dust with superimposed noise. Several 
parameters have been identified from 
paleo data which can be used, in principle, 
to estimate such forcings. It was reported 


that quasi-oscillations such as the El 
Nino-Southern Oscillation and the 
Monsoons change their character with 
changing climate, so that new types of 
variability may develop and play an 
important role in future climate. It was 
pointed out that it is necessary to arrive 
at a quantitative understanding of the 
North Atlantic mode switches during the 
glacial and to examine whether under 
warmer climate, the enhanced water 
vapour transport to higher latitudes might 
induce similar changes in deep water 
formation and distribution of heat over 
the globe. 

Methane, a radiatively active trace gas, 
is of great significance in understanding 
past climate conditions. Apart from the 
recent anthropogenic increase, the most 
striking feature reported on the methane 
profiles is the general coherency between 
the CH 4 and climate changes. The large 
CH 4 changes observed over the various 
time scales are thought to result from 
variations in the hydrological budget over 
the continents, affecting the extent of 
wetlands - the main natural source of the 
gas. The comparison of CH 4 changes, 
during the last deglaciation and during 
the Holocene, with the paleo-climatic data 


CURRENT SCIENCE, VOL. 70, NO. 1, 10 JANUARY 1996 



NEWS 


on continents suggests that low-latitude 
wetlands were mainly responsible for 
these changes and that the role of high 
latitude wetlands became important after 
about 3 ky BP. 

Much attention was paid to the signa¬ 
tures left by past climate changes in the 
form of distinct isotope ratios, reflecting 
the interplay of physical, chemical and 
biological processes. It was argued that 
global change research can make sub¬ 
stantial progress through more systematic 
use of the isotope data. It was noted that 
a global network of monitoring stations 
is necessary to improve our estimates of 
sources and sinks of greenhouse gases. 

Reports of computer simulations using 
orbital conditions for the period 6 ky BP 
showed enhanced seasonal cycle in the 
northern hemisphere, with a stronger 
African-Asian summer monsoon. These 
simulations indicate that changes in 
precipitation and temperature are large 
enough to influence distribution of vegeta¬ 
tion. Vegetation sensitivity experiments 
indicate that northward expansion of 
grasslands in North Africa could have 
enhanced monsoon precipitation. The 
general conclusion from sensitivity ex¬ 
periments using various atmospheric 
general circulation models is that bio¬ 
geophysical feedbacks substantially amplify 
the response of the coupled system to 
orbital forcing. 

It was reported that a study of the lake 
records for 6 ky BP, point to a major 
expansion of the Afro-Asian monsoon. 
These studies also show that the climate 
of 6 ky BP was significantly different 
from today with respect to the regional 
water balance. Since 1992, there has been 
an international effort to establish a 
database of lake records or the record of 
how lakes have responded to changes in 


water balance as is seen in geological 
and bio-stratigraphical investigations of 
lake sediments. This effort is motivated 
by the possibility of using lake data as 
a record of past hydrological changes for 
climate model validation. The new global 
lake data set is a unique paleo-climate 
data resource containing records from 
nearly 700 sites worldwide. 

The terrestrial biosphere has a central 
role in the climate and biogeochemical 
systems. The exchange of water, energy 
and carbon between land surfaces and 
the atmosphere drives many planetary 
scale processes. Many computer simula¬ 
tion models have been developed to un¬ 
derstand global biospheric processes, and 
to evaluate their potential response to 
human activity. Results from all the three 
major classes of global terrestrial bio¬ 
sphere models—(1) atmospheric general 
circulation models, (2) equilibrium vegeta¬ 
tion models and (3) terrestrial biogeo¬ 
chemical models, were discussed. Since 
it is difficult to address some of the 
complex issues using separate classes of 
models, it was emphasized from the ex¬ 
perience of recent model comparisons, 
particularly the experience of Vegetation/ 
Ecosystem Modelling and Analysis 
Project, that the requisite next step in 
model development is the creation of 
integrated dynamic ecosystem models. 

Some of the presentations departed from 
the tradition of considering vegetation as 
an invariant aspect of general circulation 
models of climate and signified a reflec¬ 
tion of the growing realization that vegeta¬ 
tion is, indeed, an integral part of the 
climate system and that changes in vegeta¬ 
tion structure and function can influence 
climate. It was reported that changes in 
climate as a consequence of vegetation 
behaviour do occur at comparable scales. 


The average influence of global terrestrial 
vegetation is small. Interestingly, in some 
regions such as the tropics, this can be 
of similar magnitude and even cause 
regional changes in opposition to the 
expected change in global average. 

Records of atmospheric C0 2 concentra¬ 
tion show that the global carbon cycle 
produces signals in the atmospheric C0 2 
on several time scales. The seasonal cycle 
of atmospheric C0 2 in the northern hemi¬ 
sphere, which predominantly reflects 
changes in the growth and decay of ter¬ 
restrial plants, exhibits varied amplitude 
and phase. The largest signals are 
associated with pulses of warming which 
peaked in 1981 and 1990. In the arctic, 
a biennial signal correlates with tempera¬ 
ture. 

Changes on short time scales were 
probably present in the past as well. 
There are, however, reasons to believe 
that some recent signals on these scales 
may point to an unusually rapid warming 
over the past 30 years, especially at high 
latitudes. It was argued that the presence 
of seasonal, biennial and decadal signals 
in atmospheric C0 2 linked to variations 
in climate parameters, offers a valuable 
testing ground for terrestrial carbon cycle 
models. It will be possible to do this 
successfully if the models can be forced 
by real time data rather than climatic 
averages. A special session on developing 
countries underscored the importance of 
tropical and sub-tropical regions in the 
study of global environmental change and 
noted that the success of global change 
research will depend on both expertise 
and data from all parts of the globe. 


C. P. Geevan, Salim Ali Centre for 
Ornithology and Natural History, Coim¬ 
batore, India. 
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India’s manganese nodule mine site in the Central Indian Ocean 

V. K. Banakar 


Almost a decade and a half back, India 
had launched a massive exploration 
programme for manganese nodule 
deposits in the Central Indian Basin 
located 5 km below the ocean surface to 
achieve the goals of self-reliance in 


strategic metals like copper, nickel and 
cobalt. Even though little late compared 
to a few other countries like USA, Japan, 
erstwhile USSR, Germany and France to 
undertake this challenging venture, India 
achieved it in a short span of time (1980- 


1987), and our claim for a Mine Site 
Development in the Central Indian Basin 
(CIB) got registered with UNCLOS 
(United Nations Council for Laws of 
Seas) on 17 August 1987 (refs 1,2), After 
exploring nearly 4 million km 2 , Indian 
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scientists succeeded in demarcating two 
Pioneer Areas of 150,000 km 2 each having 
equal resource potential. Out of these two 
areas, one was allocated to the Govern¬ 
ment of India and the other one was 
reserved by the United Nations for the 
betterment of the humankind (demarcating 
two areas was an obligation on part of 
the pioneer nation towards the interest of 
other land-locked countries). As per the 
UNCLOS regulations, a Registered 
Pioneer Investor Nation (India was the 
first nation to register her rights in inter¬ 
national waters!) has to relinquish nearly 
50% of the allocated area within seven 
years of registration. In other words, India 
will have nearly 75,000 km 2 of mine site 
exclusively for her use. This area can be 
termed as First Generation Mine Site 
(FGMS). Our FGMS is located around 
ITS latitude and 76°E longitude at a 
distance of about 2000 km from the 
southern tip of India. 


Manganese nodules 

The manganese nodules are accretion of 
inorganic colloidal Fe-Mn oxyhydroxides 
precipitated from ambient sea water or 
through diagenetic reactions within the 
sediment pore waters under fairly oxidiz¬ 
ing environments. These nodules in 
general have a sub-spheroidal to sphe¬ 
roidal shape, are brownish black to black 
in colour, fine-grained and often amor¬ 
phous. Less than a cm to 10 cm in 
diameter, some nodules form carpets over 
the seafloor sediment. The nodules 
generally have a density around 2g/cm 3 
and are supported below by less denser 
peneliquid sediment layer. This enigmatic 
positioning of the nodules on the sediment 
make them future potential resource. 

In addition, to Mn and Fe (Mn = 18- 
34% and Fe = 5-15%) (ref. 3), the nodules 
carry significant amount of Cu, Ni and 
Co (up to 1.86%, 1.54% and 0.4% respec¬ 
tively) 3 . The abundance of nodules on 
the seafloor in the Indian FGMS is 
> 5 kg/m 2 . High grade (Cu + Ni + Co) and 
more abundant nodule deposits generally 
occur at a water depth > 5000 m (below 
calcite compensation depth) in the CIB. 
Other forms of such deposits also occur 
on the seamounts like huge slabs called 
encrustations. Nodules accrete at an ex¬ 
tremely slow rate (2-5 mm/million years) 
(refs 4,5) and hence may be considered 
as exhaustible resource. 


Land resources of Cu, Ni and Co 

Out of these three strategic metals, India 
produced during 1982-83 only Cu and 
her entire requirement of Ni and Co was 
met through imports. During the same 
period India imported 113 tonnes of Co 
worth Rs 3.2 crores and 10,600 tonnes 
of Ni worth Rs 47.5 crores 6 while during 
1989-90 the Co import was around 182 
tonnes worth Rs 7.8 crores 7 . India does 
not have any workable reserves of Co 
though the low-grade reserves are reported 
in Singhbhum district of Bihar. Hence, 
India has to depend upon the imports for 
Ni and Co, though a part of her require¬ 
ment for Ni was met through domestic 
production during 1992-93. During this 
period we imported 5890 tonnes of Ni 
in various forms worth Rs 141 crores 7 , 
an increase by a factor of 3 compared 
to 1982-83 in terms of monetary value. 

As far as Cu is concerned, India has 
100 million tonnes of measured and 214 
million tonnes of indicated ore deposits. 
The copper-ore production went up from 

7.5 lakh tonnes in 1972 to 52 lakh tonnes 
in 1992 valued at Rs 45 crores. Despite 
indigenous production India imported 
about Rs 10 crores worth Cu-ore con¬ 
centrate during 1982-83 (ref. 6). The 
domestic consumption of combined Cu, 
Ni and Co was nearly Rs 105 crores 
during 1982-83, and during 1989-90 the 
domestic consumption increased almost 7 
folds in terms of monetary value 6 . Based 
on the imported values during 1989-90, 
Co was priced around Rs 400 per kg, 
Ni was ~ Rs 200 per kg and Cu was 
priced in the London metal market at 

1.5 £ per kg. 

Milling technology 

According to Glasby 8 , the mining of deep- 
sea nodules can be a profitable business 
if a single mining vessel is capable of 
collecting 3 million tonnes of nodules 
per year on dry basis, i.e. ~ 4 million 
tonnes on wet basis since nodules contain 
about 25% of water. If this target has to 
be achieved, the yield of nodules per day 
should be around 13,000 tonnes consider¬ 
ing 300 days per year operation and 
appears to be a difficult proposition. A 
more reasonable figure of 5000 tonnes 
per day per mining vessel was given by 
Padan 9 after studying various aspects in¬ 
volved in deep-seabed mining. With 
present day technology it may not be a 


difficult task to build a mining vessel or 
a platform to achieve this target. More 
critical components of the mining system 
are the nodule collector and nodule lifting 
systems. The Kennecott Consortium suc¬ 
cessfully tested a 7 tonne collector model 
in 1970s. During the same period Deep 
Sea Ventures Inc., Ocean Management 
Inc., Ocean Mining Associates and Ocean 
Mineral Company conducted system tests 
to achieve about 1000 tonnes per day 9 . 
With fast growing technology, there will 
be no difficulty in upgrading a mining 
system test from 1000 tonnes to 5000 
tonnes per day yield, to meet the growing 
demand of the country. 


Our manganese nodule reserves 

As mentioned in the previous paragraphs, 
the FGMS will be of 75,000 km 2 , which 
can be considered as the best piece with 
highest average abundance, highest 
average grade and easily accessible 
seafloor topography. Our FGMS falls in 
the siliceous ooze zone where nodule 
abundance averages to about 5 kg/m 2 and 
grade (Cu + Ni+Co) averages to 2.0% 
(ref. 3). Based on these observations, a 
rough resource estimate has been 
prepared, which shows that our FGMS 
contains Cu, Ni and Co reserve worth 
over Rs 100,000 crores!! 

Economics 

Once the worth of a reserve is known, 
the immediate question arises about the 
capital investment and returns. So far 
there has been no systematic effort done 
to understand the techno-economic assess¬ 
ment of nodule mining and metallurgy 
in the Indian context. Lenoble 10 for the 
time has carried out detailed economics 
considering the Pacific deposits and 
European and American economics and 
taxation system projected to 2010 AD. 
His estimates put the total capital invest¬ 
ment on one set mining system, mine 
ore carriers and a metallurgical unit 
around 950 million US dollars, which at 
present exchange rate will be over Rs 
3000 crores. This figure can be considered 
as valid for Indian conditions also. But 
the most important factors which vary 
are the maintenance, operation, labour 
etc. which need to be assessed totally 
under our domestic situations. What we 
require to make the nodule mining in- 
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dustry a profitable business are: i) demand 
(domestic as well as international) in 
excess to domestic support, ii) continuing 
increasing trend in metal prices, iii) an 
efficient mining vessel/platform with stur¬ 
dy mining systems capable of operating 
throughout the year irrespective of 
weather conditions, iv) ore carriers to 
shuttle between mining vessel and a 
nearest Indian port, v) a metallurgical 
plant to handle/process over 5000 tonnes 
of nodules a day located at a nearest 
point to the mining area, most probably 
on the southernmost coast of Kerala, and 
vi) well-trained work force. Keeping these 
basic requirements for an efficient deep- 


sea nodule mining process, the efforts 
are needed to study techno-economic 
feasibility in the Indian context. 
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Synthesis of cyclotrigermenes - Carbon not alone in forming a 
three-membered unsaturated ring 


S. S. Krishnamurthy 

The so-called ‘Double-bond rule’ enun¬ 
ciated by Pitzer and Mulliken presaged 
that the second and subsequent row of 
elements in the periodic table will not 
be able to form stable compounds con¬ 
taining p K —p^ multiple bonds among them¬ 
selves or with the elements of the first 
row 1 . In line with this theoretical reason¬ 
ing, multiple bonding was conspicuously 
absent in the chemistry of heavier Main 
Group elements until 1970’s when the 
first stable phosphaimine, RP=NR' and 
unconjugated phosphaalkenes, RP=CR' 
(OSiMe 3 ) were isolated by Niecke 2 and 
Becker 3 respectively. Subsequent to these 
developments, there was sporadic interest 
in these types of compounds but the 
situation changed dramatically in 1981 
with the isolation of stable double- and 
triple-bonded compounds featuring Si=C 4 , 
Si=Si 5 , P=P 6 and OP 7 functionalities. 
Since then there has been an explosive 
growth in the area of low-coordinated 
compounds of Group 14 and Group 15 
elements, which continues to this day 8-15 . 
The stabilization of heavier Main Group 
element multiple bonds has been realized 
largely by using sterically demanding sub¬ 
stituents which presumably exert ‘ther¬ 


modynamic control’ over oligomerization 
and ‘kinetic control’ over other reactions 
to which a double or a triple bond is 
susceptible 16 . Using the same principle 
of ‘steric stabilization’, three-membered 
rings of heavier Group 14 elements such 
as (R 2 M) 3 (R = Si, Ge or Sn) have also 
been synthesized 10,17 . However, un¬ 
saturated three-membered ring compounds 
of these elements akin to cycloprop enes 
are not known so far. Sekiguchi and 
coworkers 18 have now reported the first 
successful synthesis of cyclotrigermenes 
bearing an unsaturated three-membered 
ring skeleton and their structural charac¬ 
terization by X-ray crystallography. 

The strategy adopted for the synthesis 
of cyclotrigerme/^ is shown in Figure 
1. The final products 2 a and 2b were 
obtained as dark red crystals (mp 157° 
and 178°C with decomposition, respec¬ 
tively) in low yields (20 and 13% respec¬ 
tively). The mechanism of formation of 
the unsaturated ring is obscure although 
the use of bulky silyl or germyl anions 
( l Bu 3 Si or ‘B^Ge) is essential to generate 
the cyclotrigermerce ring. When 
GeCl 2 • dioxane is treated with RLi (R = 
C 6 H 2tBu3 -2,4,6), only germylenes (GeClR 


and GeR 2 ) are formed; on the other hand, 
the reaction of (Me 3 Si) 3 SiLi(THF) 3 with 
GeCl 2 • dioxane gives the three-membered 
ring compound, (R 2 Si) 2 GeR 2 (R = SiMe 3 ) 
containing two silicon and a germanium 
in the ring skeleton. 

The X-ray crystal structures of 2a and 
2b reveal trigonal planar geometries 
around the two s/? 2 -hybridized germanium 
atoms with a Ge-Ge distance of 
2.239(4) A, which may be compared with 
the single bond Ge(l)-Ge(2) distance of 
2.522(4)A for 2a and 2.505(6) A for 2b. 
These Ge-Ge distances in 2 a and 2b and 
those observed in cyclogerm anes, (R 2 Ge) n 
(n = 3,4 or 6) and digerm enes, R 2 Ge=GeR 2 
are listed in Table 1. The Ge-Ge single 
bond distance in cyclotri gtxmanes is 
somewhat longer than those in the higher 
membered cyclogerma/i&y (Ph 2 Ge) 46 
while the Ge=Ge double bond distance 
in &\gtxmenes lies in the range 2.21- 
2.35 A. The Ge(sp 3 )~G&(sp 2 ) distance in 
2 a or 2b is intermediate between the 
Gc(sp 3 )-Gt(sp 3 ) and G e(sp 2 )-Gz(sp 2 ) dis¬ 
tances (Table 1). 

The cyclotrigerme/r^ 2 a and 2b do not 
undergo addition reaction with ethanol or 
diazomethane at room temperature. Al- 
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GeCl 2 .dioxane + 2 Bu l 3 M M' 

la: M = Si, M'= Na 
lb: M = Ge, M'= Ii 


Figure 1. Synthesis of cyclotrigeiw/ies. 


Table 1. Germanium-germanium distances in cyclopolygermane.?, 
cyclotrigermarte.?, digerm^es and cyclotrigermenes 


Compound 

Ge—Ge 
distance (A) 

Ref. 

(Ph 2 Ge) 6 

2.460(3) 

19 

(Ph 2 Ge) 4 

2.465(5) 

20 

CBu 2 Ge) 3 

2.563(1) 

21 

(R 2 Ge) 3 

(R = C 6 H 3 Me,-2,6) 

2.541(1) 

22 

(R 2 Ge) 3 

(R = C 6 H 3 Et 2 -2,6) 

2.590 

10 

R 2 Ge=GeR^ 

(R = 2,6-Et 2 C 6 H 3 ) 

2.213(2) 

23 

R 2 Ge=GeR 2 
(R = CH(SiMe 3 ) 2 ) 

2.347(2) 

24 

Zr-RR'Ge=GeRR' 

(R = 2,6-C 6 H 3i Pr 2 , 

R' ss 2,4,6-C 6 H 2 Me 3 ) 

2.301(1) 

25 

2 a 

2.239(4)" 

2.522(4)* 

18 

2b 

2.239(5)" 

2.505(6)* 

18 


a Ge(sp 2 )-Ge(sp 2 ); b Ge(sp 3 -sp 2 ). 


X X 

\/ 

Ge 

/i\ 


+ BiAMM BuK 


Ge: 


/ 


-Ge 

\ 

X 

2a: X = SiBuS 
2b: X = GeBuS 


though cyclotrigerm£rc&y can be a possible 
precursor for a digermyne RGe=GeR, no 
evidence for such a species was found 
when 2 a or 2b was heated at 100°C in 
toluene or irradiated with light of wave 
length >300 nm. In either case, only 
products arising from cleavage of the 
exocylic Ge-Si or Ge-Ge bonds and the 
rupture of the three-membered ring were 
obtained. 

The successful synthesis of cyclotriger- 
menes adds a new dimension to the rapid¬ 
ly expanding chemistry of multiple 
bonded compounds of heavier Main 
Group elements. One may anticipate fur¬ 
ther interesting developments in the syn¬ 


thesis of similar type of compounds in¬ 
corporating other congeners such as Si 
or Sn and the reactivity of this new class 
of cyclotrimetaltetttfs. A particularly ex¬ 
citing prospect is the synthesis of tran¬ 
sition metal complexes of cyclotri- 
metallenyl cations, (R 3 M 3 ) + analogous to 
cyclopropenyl cationic ligand, (R 3 C 3 ) + . 
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‘Albino’ mutation in rice bacterial blight pathogen 


The cultures of Xanthomonas oryzae pv. 
oryzae , the pathogen of bacterial blight 
of rice, depicted a characteristic yellow- 
pigmented growth on conventional culture 
media viz., Nutrient Agar (NA), Peptone 
Sucrose Agar (PSA) and Yeast Glucose 
Chalk Agar (YGCA). The pigmentation, 
chromatic intensity of which varied from 
light yellow to deeper yellow among the 
isolates, was a universal xanthomonadic 
character of the bacterium. As a result 
of mutation, non-pigmented ‘albino’ 
strains were, however, encountered in 
some xanthomonads. 1-3 Natural occur¬ 
rence of such episodes have not been 
recorded in rice bacterial blight pathogen 
so far. 

In 1991, for studying colony characters 
of the bacterium, suitable dilutions of 
actively-growing young cultures were 
spread on PSA medium in Petri plates 
and incubated at 28°C (+) for 5 days. 
Characteristically yellow colonies appe¬ 
ared in all the plates, but a non-pigmented 
(white) xanthomonad-like colony was, 
however, detected among population of 
yellow colonies in one plate. The white 
as well as yellow colonies were trans¬ 
ferred to sterile water columns for 
purification. Both colonies yielded pure 
population of respective colony types. 
Stability or chromatic character was con¬ 
firmed by culturing white and yellow 
forms on NA, PSA, YGCA media at 20, 
25, 30, 35°C. Virulence of single colony 
cultures of white and yellow forms was 
tested in plants by leaf-tip clipping in¬ 
oculation. The white cultures were equally 
pathogenic as the yellow ones inducing 
identical leaf blight lesions. Reisolations 
yielded pure population of respective 
forms. 

The pigmented and non-pigmented 
cultures revealed similarity in cultural, 
morphological and physiological charac¬ 
ters. Chromatically distinct forms were 
culturally smooth, mucoid, raised, glis¬ 
tening, butyrous, opaque and spreading; 
bacterial cells were rod-shaped, Gram 
negative, encapsulated, non-sporing and 
possessed single polar flagellum. Cultures 
of both categories were strictly aerobic; 
utilized glucose oxidatively; hydrolysed 
gelatin but not casein and starch; produced 
ammonia, hydrogen sulphide and catalase 
but not urease, oxidase peroxidase, argi¬ 


nine hydrolase and asparaginase; nitrate 
reduction, indole production, methyl-red 
and Voges-Praskauer tests were negative; 
asparagin was not utilized as a sole source 
of C and N; no acid production in litmus 
milk, neither peptonization nor curdling; 
produced acid without gas from glucose, 
fructose, mannose, xylose, cellobiose and 
sucrose (slight) but not from arabinose, 
ribose rhamnose sorbose, lactose, maltose, 
cellulose, starch, dextrin, insulin, glycogen 
and sugar alcohols like sorbitol, mannitol, 
dulcitol; readily utilized organic acids of 
citric acid cycle but failed to utilize oxalic, 
tartaric and benzoic acids. 

The non-pigmented culture was iden¬ 
tified to be an ‘albino’ mutant strain of 
yellow-pigmented X. o. pv. oryzae , which 
did not reveal variation from original 
chromatic culture in either virulence or 
xanthomonadic bacteriological characters. 

We further evaluated in vivo interaction 
between ‘albino’ (W) and chromatic (Y) 
cultures. Aqueous bacterial suspensions 
(10 7 cfu/ml), containing both cultures at 
3 concentration ratios (W0.1:9.9Y, W5: 
5Y,W9.9:0.1Y), were inoculated in TNI 
plants and isolations were attempted from 
inoculated leaves at a distance of 10 cm 
from inoculated sites after 10 days. The 
isolated population depicted the following 
colony patterns in all cases of concentra¬ 
tion ratios: W > Y, W = Y, Y > W, thus, 
suggesting absence of any pathological 


Any oil spill pollution is potentially 
dangerous and of major environmental 
concern. Out of at least 157 spills in the 
tropics between 1974-1990, 99 were close 
to reefs and mangroves 1 . Environment 
within the mangroves and reefs is shel¬ 
tered and rarely flushed by pounding 
waves resulting in entrapping of oil 
around the lower trunks and breathing 
roots, thus exerting toxic effects and are 
made worse by the lingering presence of 
oil trapped in the sediments. Removal of 
such pollutants from the affected ecosys¬ 
tem is primarily carried out by indigenous 
hydrocarbonoclastic microorganisms. The 
rate at which this removal takes place is 


interaction between the chromatically dis¬ 
tinct cultures. 

Pathological behaviour on 5 vars. (BJ1, 
DV85, IR1545-339, Tkm6, TNI) also did 
not reveal noticeable variation between 
white and yellow forms (IR1545-339, 
TNI as susceptible and BJ1, DV85 Tkm6 
as resistant to both cultures). 

The investigation provided substantial 
evidence to conclude that chromaticity 
and virulence in xanthomonads were 
genetically independent characters. Our 
observations, thus, could not support the 
suggestion from the Philippines (a per¬ 
sonal communication from IRRI, Manila) 
that ‘albinosis’ resulted in development 
of new race in X. o. pv. oryzae. It is 
relevant to point out that Philippines’ 
‘albino’ strain was obtained by using 
mutagenic agent and possibly genes of 
chromaticity as well as virulence were 
involved in the mutation resulting in 
development of a new ‘albino’ (non-pig¬ 
mented) race. 

1. Durgapal, J. C., Curr. Sci ., 1969, 38, 391— 

392. 

2. Durgapal, J. C., Curr. Sci., 1977, 46, 274. 

3. Jindal, J. K. and Patel, P. N., Indian 

Phytopathol., 1972, 25, 152-154. 

J. C. Durgapal 

Division of Mycology and Plant Pathology\ 
Indian Agricultural Research Institute, 
New Delhi 110 012, India 


limited by environmental conditions, 
mainly abiotic factors which influence 
the rate of growth and enzymatic activities 
of these microbes and/or by a lack of 
adapted microbial population 2 . Accidental 
or wilful marine oil spill could not be 
stopped till date and is definitely a dif¬ 
ficult proposition. The latest incidents of 
oil spill were along the Louisiana coast 
and southern coast of Yosu covering - 25- 
30 km in July 1995. Recent developments 
in biotechnology and microbial techno¬ 
logy may be promising to meet the chal¬ 
lenge. Action plan for any oil spill event 
is depicted in Figure 1. Seeding with 
oil-eating microorganisms and augmenta 


Strain improvement of hydrocarbonoclastic 
bacterial isolates from mangals of Andaman 
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tion of microbial processes by fertilizer 
application are the two approaches con¬ 
sidered for bioremediation of marine oil 
spills. Genetically engineered hydrocar¬ 
bon degraders have been developed, but 
none of them has actually been applied 
to an oil spill partially because of their 
inability to degrade all the hydrocarbon 
pollutants and also because of govern¬ 
ment-imposed restrictions to the deli¬ 
berate release of genetically engineered 
microorganisms. Recombination of gene 
pool in nature is well established but the 
debate on manmade recombination by 
genetic engineering still continues and 
the integrity, stability and fate of such 
recombinants in nature stands challenged. 
This scenario necessitates the improve¬ 
ment of the strain of potential naturally 
occurring oil-eating microbes to enhance 
toxic petroleum hydrocarbon degrading 
efficiency in order to maintain a sound 
coastal, marine and mangrove eco¬ 
system. 

While studying the special physiology 
of microbial flora associated with mangals 
of Andaman close to major shipping cor¬ 
ridors, we could get a number of hydro- 
carbonoclastic bacteria. In an effort to 
enhance the efficiency of such bacterial 
isolates, we tried to adapt a few potential 
isolates with different hydrocarbon sour¬ 
ces since our earlier report 3 . After 
thorough screening, three mutants, 
originating from our earlier five hydro¬ 
carbon degrading isolates (when put to 
rigorous selection pressure in directed 
way) were studied in detail in pure form 
and in combination (mixed form). We 
found dramatic improvement in in vitro 
petroleum hydrocarbon degradation with 
engine oil, gear oil, 2T mobil oil, xylene, 
toluene and crude oil at the rate of 2% 
(v/v) in minimal salt medium 3 . The ini¬ 
tially clear medium became turbid because 
of bacterial growth with or without 
obvious emulsification of oil (Figure 2, 
Table 1). Seventy two hours time was 
enough to emulsify and utilize more than 
90% of oil by all the three mutants 
(belonging to two genera) as evidenced 
by carbon tetrachloride extraction 4,5 of 
residual oil. However, the mutants and 
the other five isolates utilized xylene and 
toluene in almost equal efficiency as 
studied by UV spectmm analysis (Figure 
3). UV spectra of xylene and toluene 
utilization were taken with appropriate 
reference (1% substrate in MSM) and 
only MSM for base line correction. The 


Marine oil spill 
pollution 



Physical and Bioremediation 

Mechanical 
process 

Seeding with adapted Fertilizer 

hydrocarbon degrader application 



Genetically Natural but 

Engineered? improved strain 



Figure 1. Schematic representation of oil spill pollution control strategy. 



Figure 2. Utilization of different petroleum products by mutants, a, Gear oil; 
b, 2T Mobil oil, c. Engine oil; d , Crude oil. RC: Reference control, 1; 12/1- 
OS/Crpj, 2; 17/l-OW/Crp + . 


Table 1. Growth of hydrocarbon degrading mutants* on petroleum 
products 


Isolates 

Gear oil 

Engine oil 

2T Mobil oil 

Crude oil 

12/1-OS/Crp; 

++++ 

+++ 

++-H- 

+++ 

17/l-OW/Crp + 

+++ 

+++ 

++++ 

+++ 


* Mutants were grown for 72 h in mineral salt medium containing 2% 
(v/v) of the substrate. + sign indicates 1 to 4 scale of hydrocarbon 
utilization. 
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UV spectrum of xylene showed a minor 
peak at 240-280 nm which was com¬ 
pletely absent for all the eight improved 
isolates showing visible growth, whereas 
in case of toluene one minor peak at 
228-280 nm showing subpeaks at 262 nm 
and 270 nm also vanished with almost 
equal potency. In addition, the major peak 
in both the cases shifted to the left, 
indicating utilization of these substrates 
by the organisms. Substrate-specific 
stimulation of the isolates in natural and 
artificial nutritional stressed conditions 
resulted in the development of these 
mutants. Interestingly, the mutants did 
not change the major physiological 
parameters of the parent strains such as 
halophiiism and mesophilism. 

The function of bioemulsifier/biosurfac- 
tants is related to the hydrocarbon uptake 
and is therefore, synthesized predomi¬ 
nantly by hydrocarbon-degrading micro¬ 
organisms 6-8 . In our experiment, emulsi¬ 
fication factor was extracted from culture 
supernatant by chilled acetone 9 and we 
found that the factors produced in 
response to different hydrocarbon sources 
are not chemically same (Table 2). The 
response observed in different solvent 
system, temperature, pH, ninhydrin 
reagent and anthrone reagent indicated 
that they were peptidolipid with varying 
chain lengths. These factors were not 
produced when the same organisms were 
allowed to grow in MSM with glucose, 
sucrose and maltose as carbon source. 
Several types of emulsifiers have been 
isolated and characterized 10 . These include 
glycolipids, fatty alcohols, fatty acids, 
polysaccharides, glycoproteins, peptides 
and peptidolipids. 

Presence of cryptic genes in the original 
isolates and the mutants resulting out 
of environmentally-directed or adaptive 
mutation is the possible explanation for 
the improvement of these strains, which 
is in agreement with earlier studies 11-13 . 
This improvement is directly correlated 
to the enhanced production (2.5-3.1 gl -1 ) 
of emulsification factor by the mutants 
in comparison to the parent isolates 
(0.4-0.65 g l -1 ). Thus it appears that 
these directed mutants (Crp-dir + ) need 
to be maintained and monitored for 
stability and inheritance pattern in greater 
detail in presence of different hydro¬ 
carbons, pure and mixed form, so that a 
stable and efficient genotypic consortium 
can be developed to meet the threat to 
mangrove and marine ecosystem by any 


Table 2. Characteristics of emulsifying factors produced by hydrocarbon degrading mutants 



12/l-OS/Crpj' 

12/l-OS/Crp+ 

17/l-OW/Crp + 

Colour 

White 

White 

Whitish 

Consistency 

Jelly like 

Jelly like 

Jelly like 

Solubility in seawater 

pH 

6.0 




6.5 

- 

_ 

+ 

7.0 

+ 

-H- 

+ 

7.5 

+ 

++ 

+ 

MSM 

6.0 


_ 

_ 

6.5 

- 

_ 

_ 

7.0 

+ 

+ 

+ 

7.5 

+ 

+ 

+ 

8.0 

- 

+ 

- 

Ether 


_ 


Chloroform 

Partial 

Partial 

Partial 

Hexane 

_ 

_ 

_ 

Benzene 

- 

_ 

_ 

Methanol 

Partial 

Partial 

Partial 

n -butanol 

- 

_ 

_ 

Xylene 

- 

- 

__ 

Toluene 

- 

- 

- 

Activity after heating 

60°C 30 min 

- 

_ 

__ 

50°C 1 h in vacuum 

- 

_ 

— 

28°C 1 h in vacuum 

+ 

+ 

+ 

Productivity with ‘C’ source 

Petroleum products 

+++ 

+++ 

+++ 

Glucose 

_ 

_ 

_ 

Sucrose 

_ 

_ 

_ 

Maltose 

- 

- 

- 

Reaction to 

Ninhydrin reagent 

+ 


+ 

Anthrone/Orceinol reagent 

+ 

+ 

+ 

Iodine reagent 

- 

_ 

— 

Benedict’s reagent 

- 

- 

- 



Wavelength (nm) 


Figure 3 a. UV spectrum of xylene utilization by eight strains of 
hydrocarbonoclastic bacteria (see text). 1 is the spectrum of xylene in 
MSM (1% v/v). 
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Wavelength (nm) 


Figure 3 b. UV spectrum of toluene utilization by eight strains of 
hydrocarbonoclastic bacteria (see text). 2 is the spectrum of toluene 
in MSM (1% v/v). 


eventual oil spillage. Further studies in 
this direction are in progress. 
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A low-cost culture vessel for in vitro culture of plants 


The use of tissue culture in crop 
improvement, aforestation and micro¬ 
propagation in the ornamental horticulture 
industry is well documented 1 . One of the 
major difficulties in expanding propaga¬ 
tion techniques to other crop areas is the 
production cost. Indeed, many tissue cul¬ 
ture results are interesting from an 
academic standpoint, but they are not of 
much benefit to industries because of the 
high economic cost. Non-availability of 
glassware restricts the research progress 
in developing countries. Mass production 
of photoautotrophic organisms was suc¬ 
cessfully carried out by using poly-bag 
bottles 2 . We report here the proposed 
design of poly-bag bottle aimed at cutting 
the cost of in vitro propagation of plants. 

Polypropylene bag of dimensions 
(26.0 x 16.5 cm) was brought from the 
local market. A collar (dia 3.0 cm height 
2.5 cm) was made by cutting a piece 
from a cylindrical tube of polyvinyl 
chloride. The polypropylene bag was 
inserted into the collar. Then the cotton 


plug was inserted into the mouth of the 
poly-bag bottle after inoculation of media. 
For convenience, the mouth of the poly¬ 
bag bottle can be widened by changing 
the diameter of the collar. 

Young tobacco (. Nicotiana tabacum L.) 
leaves were cut into small pieces 
(0.4 cm 2 ), surface sterilized with 0.1% 
sodium hypochloride and 50% alcohol, 
washed in sterile water three times and 
used as explants for callus initiation. The 
explants were transferred to poly-bag bot¬ 
tle and conical flasks containing 30-40 
ml of MS medium 3 supplemented with 
2% sucrose, 1 mg/1 2,4-D, 0.2 mg/1 BAP 
and solidified with 0.7% agar. Callus was 
grown 5 days in dark at 25°C, RH 50-60% 
and then with 12 h photo-periods. Light 
intensity was 37 mE m 2 s l . 

Dissected embryos (half) of green gram 
(Phaseolus radiates L.), com, ( Sorghum 
vulgare L.) and citrus ( Citrus indica L.) 
were sterilized with 0.1% hypo chloride 
and 50% alcohol for a few seconds and 
washed three times in sterile water. Poly¬ 


bag bottles were steam sterilized with 30- 
40 ml of culture medium containing MS 
salts for 20 min. Sterile embryos were placed 
on the medium and incubated at 25 ± 1°C 
under fluorescent light with 12 h photo 
periods. Callus and seedlings were also raised 
in 500 ml conical flasks for comparison. 

Plant tissue culture is used to achieve 
many different objectives which require 
in common the growth of microbe-free 
plant material in an aseptic environment. 
Callus culture of tobacco was successfully 
carried out with poly-bag bottle (Figure 
1 a). Several manipulated skills may be 
applied to get expected results in various 
aspects of tissue culture with poly-bag 
bottle and the latter can be used for mass 
propagation in plant tissue culture industry 
with low labour cost input. As shown in 
the photograph (Figure 1 b), seedlings 
can grow without any fungal/bacterial 
contamination in poly-bag bottles. The 
advantages of poly-bag bottles over 
glassware in in vitro culture of plants 
are listed in Table 1. 
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Figure 1. a, Tobacco callus growing in the poly-bag bottle, b, mass production of aseptic 
(com) seedlings for in vitro culture studies. 


Table 1. Advantages of poly-bag bottles in tissue culture 


Poly-bag bottle 

Glassware 

Low-cost 

High-cost 

Unbreakable 

Breakable 

Flexible (more number of bags can 
be accommodated per unit area) 

Not flexible 

Sterilizable (120°C) 

Yes 

No additional labour cost for cleaning 
as the bags are used new 

Additional labour cost is 
necessary for cleaning for 
reuse 

To protect the environment, the used 
poly-bag bottle (if contaminated or 
after use) with medium can be sealed 
and disposed 

Not possible 


Following this work, attempts will be 
made to realize the use of poly-bag bottles 
in various aspects such as (i) post-tissue 
culture aspects such as shoot multiplica¬ 
tion, rooting and acclimation, (ii) micro¬ 
propagation of florist flower crops and 
(iii) storage of valuable germplasm. The 
used poly-bag bottle with medium (if 
contaminated/after use) can be sealed, 
autoclaved and disposed, without causing 
any hazard to the environment. 
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Comments on ‘A critical appraisal of the type locality of a rare 
palm from Kumaon Himalaya, India’ 


In the article referred to above, Rana 
et al. (Curr. Set, 1995, 68, 590-592) 
have raised queries about the existence 
of Trachycarpus takil Becc. in wild state 
in Indian flora, its type locality and its 
affinity. As a part of the DST-sponsored 
project on the status of endemic and 
endangered palms of India, we had an 
opportunity to track this palm in 1993 in 
Kumaon Himalayas in collaboration with 
Botanical Survey of India, Northern Circle, 


Dehra Dun. A brief resume of our ob¬ 
servations is given below to clarify the 
queries raised by Rana et al . for the 
benefit of naturalists interested in this en¬ 
demic endangered taxon of Himalayan flora. 

The widely growing population of this 
palm is found in Badkot forest (about 
2000 m) between Pandavkuli and Badkot 
of Almora district. The palms grow along 
the slopes of the limestone mountain 
under the shades of Quercus dialata 


associated with Rhododendron arboreum. 
Ilex sp., Acer sp., Berberis artistata, 
Paeonia emodi , etc. They are 5-6 m high; 
their stems are tightly covered with a 
network of persistent leaf-sheath fibres 
up to the base; a 6-12 leaved crown lies 
above the cover of persistent reflexed 
green older leaves. 

The palms are distantly distributed. 
Seeds or seedlings were very infrequent 
on the forest floor. The palms are locally 
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called as ‘Jamar’. Their leaves are employed 
for preparation of brooms. 

The forest guide of Kukuchina revealed 
that there was an abundant growth of 
these palms until ten years back when a 
number of them succumbed to the forest 
fire leaving the hardy ones. The type 
locality of this species is probably ‘Takal’ 
situated near Kalamuni pass, between 
Kalamuni pass and Munsai in Pithoragarh 
region of Kumaon Himalayas where palms 
have been noted in abundance. Taller, 
profusely flowering and fruiting palms 
are found in Chaubattia gardens at Rani- 
khet, Almora district, where taller tree 
trunks are devoid of the mantle of leaf- 
sheath fibres at the base. The palm has 
almost naturalized here with seedlings of 
various ages found growing in shades of 
Quercus incana associated with Cedrus 
deodara and Asculis indica. The super¬ 
intendent of Chaubattia gardens has been 
informed about the importance of this 
species and the strategies to be adopted 
for its conservation. 

The mature seeds of this palm germinate 
readily under nursery conditions in well- 
drained porous soil and the seedlings are 
surviving satisfactorily in the departmental 
glass house. 

There is some confusion in the literature 
about T. martianus Wendl., a more widely 
distributed tropical Himalayan species and 
T. takil Becc. 1,2 . The description and 
localities of both these are mixed up. 
The species is close to T. fortunei 
(T. excelsa ) from which it can be readily 
distinguished 1 . 


1. Beccari, 0., Asiatic Palms-Coiypheae (ed. 
Martelli, U.), Ann. R. Bat. Gard {Calcutta), 
1991, 13, 1-356. 

2. Blatter, E. S. T., The Palms of British India 
and Ceylon, Oxford University, London, 
1926. 
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T. S. Rana et al.’s reply: 

It is certainly heartening to know the 
existence of one more population of this 
rare palm (' Trachycarpus takil Becc.) in 
wild state in Badkot forest of Almora 
District. Kulkarni and Pawar are to be 
commended for this search. 

However, they are not correct in stating 
that the type locality of this palm is 
‘Takal’ which, according to them, is 
‘probably’ situated near Kalamuni pass, 
between Kalamuni pass and Munsai. As 
such, there is no place like Munsai in 
Pithoragarh but it could be Munsiyari, 
where they have stated to have noticed 
these palms in abundance. But no such 
population could be noticed during our 
surveys (one of the authors of the paper 
happens to belong to this area). Kulkarni 
and Pawar are perhaps not aware of a 


publication by Gibbons 1 . Gibbons has 
also clearly mentioned in his article 
‘Thalkedar’ rather than ‘Thakil’ and not 
‘Takal’ as stated by Kulkarni and Pawar. 
Further, Gibbons has stated that Thalkedar 
lies south of Pithoragarh town, some 15 
km away. Thus, there is no confusion 
regarding its type locality. In our paper 
we had stated that we could not locate 
any mature palm trees in that area except 
for a few hundred seedlings. But in our 
subsequent survey during July, 1994 we 
could also locate five adult trees of T. 
takil in the same locality as mentioned 
by Gibbons. The trees in Chaubattia gar¬ 
dens at Ranikhet have been planted as 
stated by Kulkarni and Pawar. 

We, therefore, reaffirm our conclusion 
as regards the type locality of this rare 
palm in India. However, more studies, 
particularly on the taxonomy of this as 
well as the allied species ( Trachycarpus 
fortunei H. Wdl. and T. martianus 
H. Wdl.) can throw more light on this 
topic. 


1. Gibbons, M., Principes, 1993, 37, 19-25. 
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Plutonium and thorium in the Indian nuclear 
programme* 


R. Chidambaram and C. Ganguly 


The major applications of plutonium in India have so far been the development and production of 
plutonium-rich, hitherto untried, mixed uranium-plutonium monocarbide fuel for FBTR, mixed 
uranium-plutonium oxide (MOX) substitute fuel for the BWRs at Tarapur and the peaceful nu¬ 
clear explosion experiment at Pokhran in 1974. India is pursuing a three-stage nuclear power 
programme linking the fuel cycles of PHWR and LMFBR. Presently, all activities of PHWR fuel 
cycle, including fuel fabrication, spent fuel reprocessing and waste treatment, are being carried 
out on an industrial scale. India has one of the largest reserves of thorium which could be con¬ 
verted by neutron capture reaction to fissile 233 U and utilized most efficiently in thermal reactors 
as a self-sustaining (Th, 233 U) O 2 fuel. A programme of 20,000 MWe nuclear power in the course 


of the coming 25 years with a mix of PHWRs, 
base, from which we can expand our programme 

THORIUM, uranium and plutonium are the basic elements 
for utilization of ‘nuclear fission’ energy. The earth’s 
crust contains nearly 12 ppm thorium, about 4 ppm ura¬ 
nium and practically no plutonium. Natural uranium has 
two main isotopes, 9| 8 U(99.3%) and ^ S U (0.7%) but 
thorium occurs in nature only as 9 o 2 Th. 235 U is the only 
naturally occurring ‘fissile 5 material. Neutrons of all 
energy can induce fission of 235 U nuclei, leading to the 
release of fission fragments (consisting usually of two 
lighter elements), two or three or more neutrons and 
about 200 MeV energy. Some of the released neutrons 
can go on to cause fission of other 235 U nuclei, thus 
sustaining the ‘fission chain reaction 5 . The extra neu¬ 
trons available after maintaining the chain reaction 
could be utilized for transmuting naturally occurring 
92 8 U and t jo 2 Th isotopes to produce man-made ‘fissile 5 
isotopes yfPu and If U respectively. 238 U and 232 Th are 
called ‘fertile 5 isotopes. 

IfU n—> 92 6 U -»fission fragments* (2- 3 )q n + 200 MeV 
(lighter elements) 

If U +1 n IfU ^ 239 Np 239p u 

23.5 in 2.3 d 


*Based on the 11th Prof. Brahra Prakash Memorial Lecture given by 
R. Chidambaram in the Indian Institute of Science, Bangalore, on 21 
August 1995. 

R. Chidambaram is in the Department of Atomic Energy, CSM 
Marg, Bombay 400 039, India and C. Ganguly is in the Radiometal¬ 
lurgy Division, Bhabha Atomic Research Centre, Trombay, Bombay 
400 085, India. 


LMFBRs and LWRs may constitute an effective 
into the later part of the next century. 

“ 2 Th+Jn^Th^fPa^fU. 

23 m 27 d 

The fission energy is utilized in a nuclear power reac¬ 
tor for generation of electricity or in a nuclear explosive 
device for blast and thermal radiation damage. The 
minimum mass of ‘fissile 5 material, necessary to sustain 
a nuclear chain reaction is called its ‘critical mass 5 . This 
critical mass varies depending on the configuration of 
the fissile and other material in the system and is the 
smallest when the configuration is spherical. The critical 
mass of bare spherical fissile material could be further 
reduced by surrounding the same with a neutron reflec¬ 
tor or by compressing the fissile material and increasing 
its density. The latter technique is used in an explosive 
device using the method of ‘implosion 5 . Fissile and fer¬ 
tile materials and fission energy have the following 
unique features: 

High energy density 

The fission process emits about 200 MeV per fission 
while a chemical reaction occurring in fossil fuels re¬ 
leases about 2-4 eV only per atom of carbon. 

Singular application 

The fissile and fertile materials are used only for 
generating fission energy and additional fissile materials 
respectively, while fossil fuels like coal or oil have sev¬ 
eral applications other than generating energy. 


CURRENT SCIENCE, VOL. 70, NO. 1, 10 JANUARY 1996 


21 



GENERAL ARTICLES 


Absence of greenhouse or acid gases 

The most obvious environmental advantage of nuclear 
power stations over coal-fired thermal plants is the ab¬ 
sence of acid gases S0 2 , NO* and of the ‘greenhouse 5 
gas C0 2 which is considered responsible for potential 
global warming. If the electric energy now generated from 
nuclear power each year in the world were produced by 
coal-fired power plants, there would be additional annual 
emission of about 1600 million tonnes of C0 2 (ref. 1). 

Requirement of high levels of safety and security 

‘Th\ ‘U 5 , ‘Pu 5 and fission products are radioactive and 
health hazardous to varying degrees and require proper 
containment, and sometimes remote and automated 
handling. The radioactive waste has to be properly 
treated and physical protection of nuclear material has 
to be provided to avoid proliferation risks. 

Relatively new 

The science and technology of nuclear fission energy are 
not even 60 years old and are, therefore, very recent in 
the time scale of human history. The major scientific 
discoveries associated with nuclear fission energy, 
namely (a) ‘fission 5 (January, 1939), (b) ‘plutonium 5 
(February, 1941), (c) neutron-induced fission of 239 Pu 
(March, 1941), and (d) ‘self-sustaining fission chain 
reaction 5 (December, 1942) took place within a short 
span of time during the Second World War and paved 
the way, to start with, for military, rather than civilian, 
application of nuclear energy. 

The Manhattan project for nuclear weapons was se¬ 
cretly initiated in the Los Alamos Laboratories, USA 
during 1943-45, which soon led to the development of 
nuclear explosive devices 5 based on weapon grade 
239 Pu ( < 10% 240 Pu) and high enriched uranium (HEU: 
>90% U). The first explosive device had a ‘Pu 5 core 

weighing about 6.1 kg and was tested on 16 July 1945 at 
Almogordo, New Mexico. This was followed by the ac¬ 
tual and tragic use of uranium and plutonium weapons 
by USA in the Japanese soil in Hiroshima and Nagasaki 
almost exactly fifty years back-on 6 August and 9 
August 1945 respectively - which led to unprecedented 
loss of human life and property damage. The nuclear 
weapons activities continued in USA after the second 
world war. The former Soviet Union, UK and France 
started their own nuclear weapons-development pro¬ 
gramme. Soon, the nuclear fusion device was also de¬ 
veloped. Thereafter, in the 1960s China joined the 
nuclear weapons club by developing and testing both 
fission and fusion devices. The nuclear weapons race 
continued, in these five countries, particularly between 
USA and Russia, till 1990 when the estimated warheads 


were in the range of several tens of thousands. These 
warheads are estimated to contain several hundred tons 
of HEU and of weapon grade ‘Pu 5 . 

India’s first and only peaceful nuclear explosion 
(PNE) experiment was carried out in the Rajasthan des¬ 
ert on 18 May 1974 at a place near Pokhran. A pluto¬ 
nium device of yield 12 kt equivalent of TNT was 
successfully tested. It is interesting to note that, among 
the six countries which have manufactured and exploded 
nuclear devices, India is the only one which carried out 
its first test underground. And it has observed the long¬ 
est moratorium of more than 20 years on testing! 

Civil nuclear fission technology had its birth in the 
early weapons programme but later followed a separate 
evolutionary path. The first nuclear power plant, a 
5 MWe unit, was commissioned in Obninsk, Russia, in 
1955. Thereafter, in the last 4 decades, the design, de¬ 
velopment, construction, commissioning, operation and 
safety features of nuclear power plants have progressed 
in leaps and bounds. So far, nearly 8000 reactor years of 
operating experience have been acquired and several 
operating nuclear reactors today have capacities as high 
as 1400 MWe. Currently, 431 nuclear power reactors 
are operating in 30 countries, generating approximately 
340 GWe, which accounts for nearly 17% of global 
electricity 1 . In France, Belgium, Sweden and Lithuania, 
more than half of the electricity comes from nuclear en¬ 
ergy and in 14 other countries including USA, UK, 
Germany, Hungary, Finland, Japan, South Korea and 
Taiwan more than 20% electricity is obtained from nu¬ 
clear power plants. In India, the current contribution of 
nuclear power (~1940 MWe) to electricity generation is 
about 2%, but this is likely to increase progressively in 
the coming decades. 

Light Water cooled Reactors (LWRs) consisting of 
Pressurized Water Reactors (PWRs) and Boiling Water 
Reactors (BWRs) account for more than 80% of the op¬ 
erating nuclear power reactors followed by the Pressur¬ 
ized Heavy Water Reactors (PHWRs). Liquid Metal 
cooled Fast Breeder Reactors (LMFBRs) are few in 
number, at present, but are likely to be further commercial¬ 
ized during the first quarter of the 21st century. LWRs are 
popular in USA, France, Germany, Russia, East European 
countries, Sweden and Japan. The PHWR system origi¬ 
nated in Canada and is the backbone of the nuclear power 
programmes in Canada and India. Apart from the ‘power 
reactors 5 , nearly 325 research reactors are utilized all 
over the world as ‘neutron sources 5 for isotope produc¬ 
tion, irradiation-testing of materials, neutron activation 
analysis, radiography and for basic and applied research. 

Nuclear properties of 233 U, 235 U and 239 Pu 

Table 1 summarizes some important nuclear properties 
of the three fissile isotopes 233 U, 235 U and 239 Pu. It may 
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Table 1. 

Nuclear properties of 

233 U, 235 U and 239 Pu 

Property 

233 it 

92 U 

235 u 

92 u 

IfPu 

Occurrence in nature 

No 

Yes 

No 

Main mode of radioactive 
decay (half-life) 

a (1.6 xlO 5 y) 

a (7.1 x 10 8 y) 

a(2.4x 10 4 y) 

Isotopic impurities, their half-life 

232 U, a (72 y) 

238 U in HEU 

240 Pu. a (6.5 x 10 3 y) 

and characteristics 

Fission cross-section, <7f 

Has strong y emitting 
daughter products 

a (4.5 x 10 9 y) 

Emits spontaneous 
fission neutrons 

24I Pu, (T (14.4 y) is fissile; 
decays to 241 Am (y-emitter) 
242 Pu, a (3.8 x 10 3 y) 
238 Pu, a (87.7 y) 

Thermal (barns) 

531 ±2 

580 ±2 

742 ±3 

Fast (barns) 

1.9 

1.3 

2.0 

Neutron capture cross-section 
a c (barns) 

47 ± 1 

98 + 1 

271 ±3 

Ratio of captures to fissions 

0.089 ± 0.002 

0.169 + 0.002 

0.366 + 0.004 

Number of neutrons produced 2.487 + 0.007 

per fission, v 

Number of neutrons created per 
neutron absorbed by the nuclide, n 

2.423 ± 0.007 

2.880 ± 0.009 

Thermal neutrons 

2.284 ± 0.006 

2.072 ± 0.006 

2.109 + 0.007 

Fast neutrons 

2.31 

1.93 

2.49 

Critical mass (bare) 

15 kg 

43 kg 

10 kg 


Table 2. Weapons grade v/s reactor grade Pu 



Weapons grade 

Reactor grade 

Typical 239 Pu isotopic 
content 

~ 94% 

-75% 

Critical mass (bare) (kg) 

11 

13 

Specific activity (Cu/g) 

3 

10 

Spontaneous fission rate 
(ns’ 1 kg -') 

70,000 

300,000 


be noted that the critical masses for bare spheres 2 of 
239 Pu (10 kg) and 233 U (15 kg) are lower than that of 
235 U (43 kg). This is because they have higher fission 
cross sections (Cf iss ) and produce more neutrons per fis¬ 
sion than 235 U. However, the isotope 240 Pu, a by-product 
of the plutonium produced in a reactor, is undesirable 
because of its higher radioactivity, higher heat produc¬ 
tion and higher spontaneous fission rate as shown in 
Table 2. The latter factor may lead to premature initia¬ 
tion of a nuclear device when high 240 Pu content pluto¬ 
nium is used and this makes the yield low and uncertain. 
Therefore, for these purposes, the build up of 240 Pu is 
restricted to a few per cent in so-called weapon-grade 
plutonium. 

The number of neutrons produced per neutron ab¬ 
sorbed by the fissile nucleus, known as T|, is an impor¬ 
tant physics parameter. Figure 1 shows the variation of 
r\ with the energy of the neutron. 233 U has a higher value 

CURRENT SCIENCE, VOL. 70, NO. 1, 10 JANUARY 1996 


compared to 239 Pu and 235 U in the thermal (neutron en¬ 
ergy E < 0.025 eV) and epithermal energy ranges of 
neutrons, whereas 239 Pu has the highest r\ value amongst 
the three fissile nuclei in the fast neutron range 
{E > 0.1 MeV). 233 U and 239 Pu are, therefore, the best 
fissile materials for use with thermal and fast neutrons 
respectively. Unfortunately, neither of them is available 
in nature. 233 U always contains a small amount of 232 U 
which has strong gamma-emitting daughter products as 
shown in Figure 2. The presence of U renders U 
somewhat more difficult to handle. 

Plutonium metallurgy and peaceful nuclear 
explosion 

Spent fuel reprocessing technology 

The need for a strong plutonium base for the nuclear 
programme in India was recognized in the. late 1950s. 
Accordingly, a decision was taken to build a small dem¬ 
onstration plant at Trombay for reprocessing research 
reactor fuel that would be a forerunner for the much 
bigger plants to be built later for reprocessing the spent 
fuel discharged from our power reactors. The basic 
process chosen for spent fuel reprocessing in India was 
combined solvent extraction and ion exchange separa¬ 
tion technique. The plutonium plant was commissioned 
at Trombay in 1964 and was utilized for reprocessing 
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Figure 1. Variation of 7] with energy. 



Figure 2. y-activity of 232 U present in 233 U. 


A1 clad natural uranium metal spent fuel rods from the 
CIRUS research reactor at Trombay 3 . The high radioac¬ 
tivity associated with the irradiated fuel requires all op¬ 
erations to be carried out remotely inside thick concrete 
shields with reliable instrumentation for process control. 
Because of the high radiotoxicity and the criticality haz¬ 
ard associated with plutonium, safety measures are re¬ 
quired to be built into the design and a close 
surveillance has to be kept continuously throughout the 
operation. 

The plutonium obtained from the Trombay plant was 
utilized for the following three major fabrication activi¬ 
ties at BARC: 

- stainless steel 316 clad Pu0 2 fuel pins for the first 
fast critical assembly PURNIMA-I at Trombay in 
1972. 
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- plutonium metal for the peaceful nuclear explosion 
(PNE) experiment at Pokhran in 1974, and 

- stainless steel 316 clad mixed uranium-plutonium 
monocarbide fuel in 1984 for the first core of the 
Fast Breeder Test Reactor (FBTR) at Kalpakkam. 

The Trombay plant has been subsequently augmented 
and is being used for reprocessing spent uranium metal 
fuels from CIRUS and DHRUVA research reactors at 
BARC. 

A second fuel reprocessing unit of higher capacity 
known as the Power Reactor Fuel Reprocessing 
(PREFRE) plant was commissioned at Tarapur in the 
1970s on the basis of the satisfactory experience and 
feedback from the Trombay plant 4 . The PREFRE plant 
has been extensively utilized for reprocessing zircaloy 
clad U0 2 spent fuel from our operating water cooled 
power reactors. A third reprocessing plant is nearing 
completion at Kalpakkam 5 . The Kalpakkam Reprocess¬ 
ing Plant (KARP) would also have a provision for re¬ 
processing spent fuel elements from FBTR and the 
proposed Prototype Fast Breeder Reactor (PFBR). 

The irradiated or spent uranium fuel elements from 
nuclear reactors are a mixture of depleted uranium 
(<0.7% 235 U), fission products and plutonium. These 
are first adequately cooled in spent fuel storage pool 
adjacent to the reactor for the short-lived fission prod¬ 
ucts to die down. Next, the spent fuel elements are 
transported in a special vehicle to the reprocessing 
plant, where they are first mechanically or chemically 
dejacketed from the cladding material. After this, the 
fuel is dissolved in nitric acid and the solution is sub¬ 
jected to solvent extraction for removal of fission prod¬ 
ucts in the first stage and uranium in the second stage. 
The separated plutonium is further purified by ion- 
exchange process and obtained as plutonium nitrate so¬ 
lution, which is converted to the oxide powder by the 
oxalate precipitation route followed by air-calcination. 
Pu0 2 powder is usually the end product of spent fuel 
reprocessing plant because it is most convenient to store 
plutonium in the form of oxide from the point of view of 
chemical stability and transportation. 

Plutonium metallurgy at Trombay 

The metal plutonium is man-made and is no doubt the 
most complex, interesting and strategic of all metals. It 
undergoes six phase changes before it melts. It has very 
low critical mass and is a storehouse of energy which 
could be utilized in a peaceful way. At Trombay, pluto¬ 
nium metallurgy was started on a laboratory scale in the 
early 1970s. The plutonium produced was used as start¬ 
ing material for remelting and casting of Pu metal, Al- 
Pu, Pu-Be and other plutonium alloys 6 . 
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Phenomenology of Pokhran PNE experiment 

The objective of India’s first and only nuclear explosion 
experiment was to study the explosion phenomenology, 
fracturing effects in rocks, ground motion, containment 
of radioactivity, etc. in the context of the possible appli¬ 
cations of peaceful nuclear explosions. In this experi¬ 
ment, the 12 kt device was emplaced in a shale medium 
at a depth of 107 m. Upon detonation, the ground sur¬ 
face above the emplacement point rose with a velocity 
of 25-30 m/s to form a dome 170 m in diameter and 
34 m in height. There was no venting of radioactivity in 
the experiment. The resultant apparent crater, measured 
with respect to the preshot ground surface, had an aver¬ 
age radius of 47 m and a depth of 10 m. In fact this is 
the only case of an underground nuclear explosion 
which produced a crater (though shallow), and yet was 
completely contained from the radioactivity point of 
view 7 . 

The phenomenology of this experiment was studied 
using a one-dimensional spherical symmetric rock me¬ 
chanics computer code which simulates the various 
physico-chemical processes set up in the rock medium 
on sudden release of energy 8 . The constitutive relations 
of rocks were inputs to these calculations. It was shown 
among other things, that the smaller cratering efficiency 
of the shale-sandstone medium (compared to the hard 
rock in which US experiments have been carried out) is 
related to the lower kinetic energy imparted to the 
mound because of lower density, high rock porosity and 
lower modulus (i.e. a softer equation of state). 

The calculations made show that this resulted in 640 
tons of rock, extending up to 4.1 m from shot point, be¬ 
ing vapourized. About 2000 tons of rock, extending up 
to a radial distance 6.2 m, was shock-melted. At the 
vapour-liquid interface, the pressure is expected to be 
about 160 GPa. The final cavity radius is calculated to 
be about 28-29 m compared to the post-shot measured 
value of 30 m (Figure 3). The calculated spall velocity 
of 30 m/s and the extent of rock fracturing, 114 m, are 
in good agreement with the measured values of 25- 
30 m/s and 80-100 m respectively. The spall was found 
to be the principal mechanism of cratering at Pokhran. 

Equations of state of nuclear materials 

The equation of state (EOS) of a system is a relationship 
between thermodynamic variables like pressure and en¬ 
ergy with volume and temperature. It is a vital input for 
a wide spectrum of practical applications in an atomic 
energy programme, e.g. in design of fission and fusion 
explosive devices, for understanding the rock mechani¬ 
cal effects of shock propagation in earth due to under¬ 
ground nuclear explosions and simulations of reactor 
accidents. For example, as noted above, in the case of 



Figure 3. Computed wave propagation and cavity growth in vertical 
direction for the POKHRAN experiment. 



Figure 4. Theoretical 300 K isotherm of thorium. 


fission explosions, the critical mass can be lowered if 
the fissile material is compressed to increase its density. 

In 1968, when the design of the device used in the 
Pokhran explosion experiment was initiated, very little 
was known in open literature about the compression be¬ 
haviour of materials at ultra high pressures and this in¬ 
formation was not at all available for nuclear materials, 
especially for Pu (it is still classified). So our first task 
was to calculate the EOS of Pu. Using empirical forms 
of EOS with constants evaluated carefully from an 
analysis of scarce data on related elements in the litera¬ 
ture, we demonstrated that desired compressions can be 
achieved by shock waves. Of course, EOS studies are 
important also from a basic research point of view and 
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we now have more sophisticated first principle solid 
state theories to compute equations of state 9,10 . The kind 
of confidence one has in these calculations may be illus¬ 
trated from the recent work of Rao et al n on Th 
(Figure 4). 

Nuclear fuel cycles and nuclear power 
programme in India 

The nuclear fuel cycle activities encompass mining of 
uranium and thorium ores, their chemical processing and 
concentration, enrichment of 235 U content in uranium in 
some cases, fabrication of natural or low enriched ura¬ 
nium (LEU: < 20% 235 U) fuel elements, irradiation of 
these fuels in reactors, reprocessing of spent fuels, re¬ 
fabrication of Pu- or 233 U-bearing fuel elements, recy¬ 
cling of these fuels in reactors and treatment and 
disposal of nuclear wastes as shown in Figure 5. The 
evolution of nuclear fuels and nuclear fuel cycles in dif¬ 
ferent countries essentially depends on the availability 
of uranium and thorium resources, the energy demands, 
the industrial know-how and infrastructure and various 
economic and political pressures. In addition, recent 
dismantling of large quantities of weapon grade pluto¬ 
nium from the nuclear warheads from the former Soviet 
Union and USA has led to the development of a wide 
variety of plutonium-based ceramic, metallic and dis¬ 
persion type nuclear fuels with the objective of burning 
and not breeding plutonium in thermal and fast reactors. 
The nuclear fuel cycles fall under the following three 
main categories: 

Open ‘once-through 1 cycle 

In this cycle, natural (0.7% 235 U) or low enriched ura¬ 
nium (LEU: <20% 235 U) fuels are utilized in the reactor 
on a once-through’ basis. The spent fuel is not reproc¬ 
essed but cooled, conditioned and sent for permanent 
disposal in repositories. The total uranium utilization in 
this scheme is very low (< 3%). Countries like USA, 
Canada and Sweden are following the £ once-through’ 
cycle. These countries have relatively small population, 
very low population growth, a high living standard and 
other sources of energy, apart from liberal access to 
world resources of uranium. Hence, reprocessing of 
spent fuel for recovery and utilization of plutonium has 
not much of an incentive for them at this stage. 

Closed 23& U— 239 Pu cycle 

In the closed 238 U- 239 Pu fuel cycle, the spent natural or 
LEU fuel is reprocessed for recovering plutonium by- 
product and unused 235 U and 238 U. The fission products 
are separated and sent for disposal as waste. The pluo- 
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Figure 5. Schematic of ‘open’ and ‘closed’ nuclear fuel cycles. 

tonium and depleted or reprocessed uranium are fabri¬ 
cated into fuel elements and recycled either in thermal 
or fast reactors. Since the breeding efficiency of pluto¬ 
nium in 238 U- 239 Pu cycle is best in fast neutron spec¬ 
trum, the plutonium should be recycled in fast reactors. 
On recycling the plutonium bred in each cycle, along 
with depleted uranium repeatedly, it is possible to utilize 
realistically almost 60—70% of the total uranium. Coun¬ 
tries like France, Japan, UK, Russia and Germany have 
opted for the closed 238 U— 239 Pu fuel cycle utilizing plu¬ 
tonium in fast reactors. Since the LMFBR programme 
has been delayed all over the world, plutonium is being 
recycled in the form of mixed uranium-plutonium oxide 
(MOX) in LWRs for interim utilization. MOX fuel is 
regularly being used in commercial power plants in 
France, Germany and Japan. 

Closed and combined 238 U- 239 Pu and 232 Th~ 233 U 
fuel cycles 

In this scheme, the spent uranium fuel from water- 
cooled reactors is reprocessed for recovering the pluto¬ 
nium which is recycled in a fast reactor in combination 
with depleted, natural or recycled uranium in order to 
breed plutonium most efficiently. In these fast reactors 
thorium is used in the radial and axial blankets in order 
to breed 233 U. When sufficient quantity of 233 U is stock¬ 
piled, it is to be recycled in thermal reactors in combi¬ 
nation with thorium. It is possible to have a self- 
sustaining 32 Th- 233 U fuel cycle in thermal reactors, in¬ 
cluding PHWRs and High Temperature Gas cooled Reactor 
(HTGR). With such combined cycles, it is theoretically 
possible to utilize all the uranium and thorium resources 
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in nature for generation of nuclear power. The combined 
cycle is most attractive for countries like India and 
Brazil which have large reserves of thorium. 

Nuclear power in India 

From the very inception of nuclear power programme in 
India, in the mid 1950s, great emphasis was given to 
self-reliance and indigenization. Accordingly, a three- 
stage nuclear power programme (Figure 6), linking the 
fuel cycles of PHWR and LMFBR was planned for ju¬ 
dicious utilization of limited and low grade (<0.1% 
U 3 Og) uranium ores (78,000 tonnes) but vast thorium 
resources (>360,000 tonnes) in India. Thorium utiliza¬ 
tion has been one of the most important long term ob¬ 
jectives of the Indian nuclear power programme. 

Apart from the two Boiling Water Reactors (2 x 
160 MWe) at Tarapur, there are eight operating PHWRs 
in India of total capacity 1520 MWe. Four 220 MWe 
PHWRs are in different stages of construction, two each 
at Kaiga and Rawathbhata. An indigenous design for 
500 MWe PHWRs is also ready and construction activi¬ 
ties of two such units would start soon at Tarapur. The 
known uranium resources in India can support a PHWR- 
only programme of around 10,000 MWe. All aspects of 
PHWR fuel cycle, namely mining and concentration of 
uranium, fabrication’of uranium fuels, use of these fuels 
in PHWRs, reprocessing of spent fuel, fabrication of 
mixed uranium plutonium oxide fuel and treatment and 
fixation of nuclear wastes are being carried on an indus¬ 
trial scale in India. In addition to PHWRs and LMFBRs, 
it is proposed to include LWRs and Advanced Heavy 
Water Reactors (AHWRs) in the Indian nuclear power 
programme in the coming decades. The nuclear fuel cy¬ 
cle programme in India, implemented in different units 
of the Department of Atomic Energy is shown in 
Figure 7. 

As a first step to LMFBR programme, India could 
leapfrog and use an advanced LMFBR fuel of high 
breeding ratio and thermal conductivity, namely, the 
mixed uranium plutonium monocarbide, for the first 
time in the world, in the Fast Breeder Test Reactor 
(FBTR) at Kalpakkam. FBTR is operating with a unique 
and hitherto untried plutonium-rich mixed carbide fuel 
namely (Pu 0>7 Uo. 3 )C since October 1985 (ref. 12). A 
Prototype Fast Breeder Reactor (PFBR) of 500 MWe is 
at the design and development stage. Though the refer¬ 
ence fuel for PFBR is mixed uranium plutonium oxide, 
mixed uranium plutonium mononitride and U-Pu-Zr are 
being developed as alternate stand-by advanced fuels. It 
is proposed to construct several LMFBRs of capacity 
500 MWe by the first quarter of the 21st century. ‘Th’ 
blankets would be mostly used in these LMFBRs to 
breed and stock pile 233 U for the third stage of the nu¬ 
clear power programme, where 232 Th- 233 U fuel cycle 


would be used in some advanced thermal reactors, to be 
decided later. 

Plutonium and thorium fuels 

The present generation of nuclear power reactors all 
over the world derive energy from the fission of 235 U by 
slow or thermal neutrons mainly in LWRs and to some 
extent in PHWRs. In LWRs and PHWRs, 2-4% en¬ 
riched 235 U and natural uranium respectively are used as 
fuel in the form of high density (> 94% TD) U0 2 pellets 
clad in zircaloy-2 or zircaloy-4. In these reactors, the 
coolant water temperature and pressure are kept in the 
range of 280-330°C and 70-150 MPa respectively. Zir- 
caloy is chosen as cladding material because of its low 
thermal neutron absorption cross section, excellent cor¬ 
rosion resistance and good mechanical properties at ele¬ 
vated temperature. The water cooled reactors, apart 
from generating electricity, produce 239 Pu and depleted 
uranium as by-products. The plutonium is best utilized 
as primary fuels in LMFBRs because of high breeding 
ratio (>1.0). Since there has been a delay in the progress 
of LMFBRs technology several countries in the world, 
including France, Germany, Belgium, Japan and India 
are considering interim recycling of plutonium in the 
form of mixed uranium-plutonium oxide (MOX) in 
LWRs and PHWRs. The MOX fuel for water cooled 
reactor would contain plutonium in the range of 1-8%. 
It is also possible to recycle plutonium in combination 
with thorium in PHWRs in the form of (Th, Pu)0 2 with 
the plutonium content not exceeding 4%. The 233 U pro¬ 
duced from thorium could be recycled and substituted 
for plutonium in subsequent cycles till the PHWRs are 
completely converted to a self-sustaining (Th, 235 U)0 2 
fuel 13 . 

The fuel cycle cost can be reduced to a great extent by 
improved burn-up of the fuel and by minimizing the fuel 
fabrication cost. Burn-up is defined to be the amount of 
energy extracted from the fuel per unit weight before it 
is withdrawn from the reactor either because of its pre¬ 
mature failure or inadequate fissile material content and 
poison built up. 

U0 2 , Pu0 2 and Th0 2 are isostructural (FCC, CaF 2 ), 
completely solid soluble and have very similar thermo¬ 
dynamic and thermophysical properties. The oxide or 
mixed oxide fuels of the actinides are fabricated by the 
classical ‘powder-pellet’ route consisting of cold- 
pelletization and high temperature (1600-1700°C) sin¬ 
tering in hydrogen atmosphere, starting from U0 2 Th0 2 
and Pu0 2 powders. High density (>94% TD) pellets of 
U0 2 , (U, Pu)0 2 and (Th, Pu)0 2 containing up to 4% 
Pu0 2 with controlled porosity (‘closed’, uniformly dis¬ 
tributed and diameter greater than 10 micron) have been 
reproducibly fabricated at BARC by the ‘powder-pellet’ 
route and tested in the pressurized water loop (PWL) of 
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Figure 6. Nuclear fuel cycles and power programme in India. 


CIRXJS reactor at Trombay. Post-irradiation examina¬ 
tions of these zircaloy-2 clad fuel pins in the hot cells at 
BARC have revealed their satisfactory performance up 
to burn up of -20,000 MWD/t. Additional irradiation 
testing of zircaloy-2 clad Th0 2 and Th0 2 -6.7% Pu0 2 
fuel pins have been in progress in CIRUS, PWL for 
more than years without any fuel pin failure. On the 
basis of these satisfactory results, two 6x6 zircaloy-2 
clad mixed uranium plutonium oxide fuel assemblies 
have been introduced in Unit I of the Tarapur Atomic 
Power Station (TAPS) in July 1994 and five more MOX 
assemblies are to be introduced in Unit II of TAPS by 
the end of 1995 (Figure 8). The plutonium fuel fabrica¬ 
tion facilities at Trombay and at Tarapur would be able 
to meet the requirement of MOX fuels for the two 
BWRs at Tarapur and the two PHWRs at Rawatbhata 
(RAPS I and II). 

The advanced fuels for water cooled reactors and 
LMFBRs aim at judicious utilization of uranium and 
thorium resources and achieving high fuel burn-up with¬ 
out failure. For LMFBR, an additional requirement is 
high breeding ratio or in other words, short doubling 
time. The mixed uranium-plutonium monocarbide (MC) 
and mononitride (MN) fuels 14 belong to the same family 
and are considered to be advanced LMFBR fuels all 
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over the world, compared to mixed oxide, because of 
their higher heavy atom density, higher breeding ratio, 
shorter doubling time, higher thermal conductivity and 
excellent chemical compatibility with sodium coolant. 
The carbide fuel fabrication facility at Trombay (which 
could also be used for MOX and MN) is unique in the 
world and has the capacity to meet the annual require¬ 
ment of fuel for FBTR. India is one of the very 
few countries in the world to have experience with 
mixed carbide and nitride advanced fuels 15 . The mixed 
carbide fuel has so far reached a burn-up of around 
16,000 MWD/t in FBTR and is expected to reach a tar¬ 
get burn-up of 25,000 MWD/t and beyond without 
failure. 

The advanced methods of fabrication of ceramic nu¬ 
clear fuel pellets for thermal and fast reactors mainly 
aim at reduction in the personnel exposure to radiation 
and improved microstructure. The man-rem in fuel fab¬ 
rication plant is minimized by automation, remotization 
and by developing fabrication flowsheets that do not 
involve generation and handling of fine powders, so that 
radiotoxic dust hazards are minimized. In addition, the 
advanced methods for fabrication of fuel pellets aim at 
minimizing fuel fabrication cost by reducing fuel syn¬ 
thesis and sintering temperatures, as shown in Table 3. 
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Figure 7. 238 U- 239 Pu and 232 Th- 233 U fuel cycles in India involving PHWRs and LMFBRs. 


The sol-gel microsphere pelletization (SGMP) process, 
developed in BARC, is a dust-free method of fabrication 
of oxide, carbide and nitride fuel pellets of controlled 
density and microstructure starting from nitrate solution 
of uranium, thorium and plutonium. The nitrate solu¬ 
tions are subjected to ‘ammonia external or internal ge¬ 
lation’ processes to obtain free-flowing hydrated gel- 
microspheres of the fuel oxide (400-1200 micron di¬ 
ameter), which after controlled calcination leads to ox- 
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ide microspheres (200-600 micron diameter) suitable 
for direct pelletization and sintering 16 " 17 . For prepara¬ 
tion of ‘porous’ oxide microspheres or microspheres of 
carbide or nitride fuels, carbon black is mixed with the 
sol or solution prior to gelation. The hydrated oxide mi¬ 
crospheres containing black carbon particles are air- 
calcined to obtain ‘porous 5 oxide microspheres or sub¬ 
jected to carbothermic synthesis in vacuum or flowing 
N 2 to obtain carbide and nitride microspheres respec- 

29 















GENERAL ARTICLES 


Table 3. Objectives of advanced methods of fabrication of ceramic nuclear fuel pellets 


Safety 

Economics 

Performance 

• Avoid generation or handling of fine 

• Minimize process steps • 

Tailor-make microstructure 

powders of fuels 


of fuel pellets for higher burn up 

- for minimizing ‘radiotoxic dust hazard’ 

• Reduce fuel synthesis and 

- high density (>94% TD) 


Sintering temperatures 

‘closed’ pore and large 

- for minimizing ‘fire hazard’ (for carbide 


(>40 pm) grain size (LWR 

and nitride) 

• Reduce gas cost during 

and PHWR) 

• Fabrication flow sheet should be easy for 

synthesis and sintering 

- low density (<85% TD) 

automation and remotization 

- use recirculation and 

‘open’ pore and small grain 

- for minimizing personnel exposure to 
radiation 

purification 

size (< 5 pm) (LMFBR) 

- use less expensive gas 

- excellent microhomogeneity 


• Reduce process losses and 
rejects 

of fissile material 

- avoid fine pores (< 1 pm) 
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Details of MOX Assembly 

@ = 0.9% Pu f 

® = 1.55 %Pu f 

O = 3.25% Pu* 

• = WATER ROD 

Pu* = Total Pu 

thl_ Fissile Pu-77 +2.5% 

Wt. of MOX : 154 kg 
pellets 

Pu content! 3.4 kg 
Burn up ;25,0OOMWD/t 


Figure 8. Present core configuration in TAPS I with two mixed 
uranium plutonium oxide (MOX) assemblies. 

tively. For fabrication of U0 2 and (U, Pu)0 2 pellets for 
PHWR and LWR, BARC has also developed 18 the 
combined and unique sol-gel microsphere pelletization- 
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low temperature oxidative sintering (SGMP-LTS) proc¬ 
ess, which facilitates automation and remotization, 
avoids radiotoxic dust and pyrophoricity hazards, 
minimizes fuel fabrication cost and produces fuel pellets 
of improved microstructure suitable for achieving high 
burn-up. Figure 9 summarizes the important process 
steps in ‘powder-pellet’ and SGMP processes for fabri¬ 
cation of oxide, carbide and nitride fuel pellets. 

232 Th- 233 U fuel cycle - Prospects, problems and 
advances 

Irradiated thorium bundles from CIRUS research reactor 
have been reprocessed for recovery of 233 U. This 233 U 
has been utilized for fabrication of aluminium clad, Al- 
20% 233 U plate fuel element for the PURNIMA III criti- 
cal facility at Trombay. The same fuel would be utilized 
in the 30 kWt research reactor, KAMINI at Kalpakkam. 
India had reached a major milestone in thorium utiliza¬ 
tion, in the beginning of 1994, with the use of zircaloy 
clad TI 1 O 2 bundles, in place of depleted U0 2 , in the 
PHWR-220 MWe of Kakrapar Unit I for neutron flux 
flattening 19 . In Kakrapar Unit II also, Th0 2 has been 
introduced for the same purpose. In fact, all subsequent 
PHWRs in India would use Th0 2 for flux flattening. In 
addition, several tons of stainless steel 316 clad Th0 2 
pins have been fabricated for use as axial and radial 
blanket materials in the second core of FBTR. 

An alternative scheme for interim utilization of tho¬ 
rium would be in an Advanced Heavy Water Reactor 
(AHWR) which has several passive safety features 20 . 
AHWR would derive between 75 and 80% of its energy 
from thorium in a self-sustained mode of 233 U-Th. This 
reactor would, however, need small input of Pu which 
would be in the form of mixed uranium plutonium oxide 
and will contribute to 20—25% of the power output of 
the reactor. In one of the versions, MOX driver fuel is 
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Powder-pellet route 


Sol-gel microsphere pelletisation 
(SGMP) route 


I 


I 



Figure 9. Flowsheets for fabrication of UO 2 , (U, Pu)02,(U, Pu)C and (U, Pu)N fuel pellets by ‘powder-pellet’ and ‘SGMP’ routes. 
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Table 4. Comparison of processes for isotopic purification 


Process 

Separation factor 
for 232 U/ 233 U 

Process characteristics 
for 233 U clean up 

Gas centrifuge 

10.7 

Large area of radioactive 
contamination 

Gas diffusion 

1.0012 

Large area and high inventory 

Separation nozzle 

1.005 

Large area 

Chemex process 

1.002 

High inventory, not suitable 
for fissile material 

Laser separation 

>100 

Compact, low inventory 


located in discrete islands at a limited number of posi¬ 
tions within the reactor core. This core configuration is 
ideally suited for incorporating neutron source targets 
for driving the balance sub-critical reactor core through 
the use of accelerator produced neutrons. 

Thorium fuel cycle is becoming increasingly impor¬ 
tant for burning large quantities of weapon grade pluto¬ 
nium which are getting released on account of 
dismantlement of nuclear warheads in Russia and USA. 
Of all the options available for burning this plutonium, 
thorium cycle offers the promise of extracting maximum 
energy out of plutonium as well as ensuring that the re¬ 
sultant spent fuel would be proliferation-resistant and at 
the same time contribute to enhancing global energy 
resources. Another reason for thorium’s gaining impor¬ 
tance is on account of the fact that production of long- 
lived actinides waste products is several orders of 
magnitude smaller with the thorium-uranium cycle as 
compared with the uranium-plutonium cycle. 

Laser purification of 233 U 

The conventional uranium isotope separation processes 
namely, gas centrifuge, gas diffusion and chemical ex¬ 
change have separation factors close to 1.0 for 233 U- 
U separation and are therefore not attractive (Table 
4). In addition, these processes require large number of 
units and stages spread over large areas, which have to 
be shielded against gamma activity. The alternative 
atomic vapour laser isotope separation (AVLIS) tech¬ 
nique is a compact and single step process with high 
selectivity and separation factor greater than 100. In this 
technique, a small isotope shift (0.01 to 0.03 A), in the 
resonance excitation spectra of uranium can possibly be 
exploited by using tunable lasers, which have band- 
widths much narrower than the isotope shift 21 . Fortu¬ 
nately U absorption spectrum does not have 
hyperfine splitting, which makes the entire population 
more accessible to the laser. 232 U atom (which has an 
ionization potential of -6.2 eV) can be selectively pho- 
toiomzed by 1-photon (> 6 eV), 2-photon (-3 eV) or 3- 
p oton (-2 eV) processes. The 3-photon processes use 
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visible spectrum optics and lasers with economic advan¬ 
tage. 

For a 200 MWe thermal reactor (like our ongoing 
PHWRs or the proposed AHWR), the amount of 233 U 
which may have to be processed and put back into the 
reactor at equilibrium is around 150 kg/y. To support 5 
to 6 such reactors, -1000 kg/y of 233 U containing 1 kg of 
233 U has to be processed producing, say, 990 kg of clean 

U C 2 °^ taining a few p P m of 232]J > having 10 kg of 
waste U containing a large quantity of 232 U. 


Nuclear waste — Programme and strategies in 
India 

As in other industrial activities, wastes are generated 
during various steps of the nuclear fuel cycle, namely, 
mining, fuel fabrication, reactor operation, fuel reproc¬ 
essing and decommissioning. The major areas of nuclear 
waste generation are nuclear power plants and spent fuel 
reprocessing plants. Since the inception of the nuclear 
energy programme, R&D work on indigenous develop¬ 
ment of matrices and processes was started at BARC, 
Trombay which has paved the way for safe management 

of various types of wastes from nuclear facilities in 
India. 


Low and intermediate level wastes 

The liquid waste from nuclear power plants basically 
contains fission products ( 131 I and 137 Cs) and activation 
products ( Co). Chemical precipitation method is used 
for removal of trace quantity of fission products from 
liquid effluents and the resultant sludges are immobil- 
hzed in vermiculite cement composite matrix 22 . In order 
to further improve the decontamination factor, an ion- 
specific exchanger has been developed at BARC which 
has given encouraging results on a pilot scale. Use of 
these materials will further enhance the effectiveness of 
waste management plants for low and intermediate level 
waste. Similarly, use of ion specific exchanger is helpful 
in separation of useful isotopes like 90 Sr, l37 Cs, etc. from 
the waste. This helps in very significant reduction of 
final waste volume and resultant savings in the ultimate 
disposal space. 


High level liquid waste 

The category of nuclear waste which is getting world¬ 
wide attention is high level liquid radioactive waste. 
This stream is generated during reprocessing of spent 
nuclear fuel and contains about 88% of all radioactivity 
generated in the entire nuclear fuel cycle. However, the 
volumes generated are comparatively small. The major 
components of this waste are fission products and acti- 
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nides. The decay heat due to the presence of fission 
products makes it necessary to continuously cool the 
waste; at the same time long-lived isotopes in the waste 
make it imperative that it is isolated from the human 
environment for extended period of time. 

High level waste (HLW) management - Indian 
efforts 

HLW immobilization . Various matrices have been ex¬ 
tensively studied for immobilization of high level waste. 
Among these, borosilicate glass and ceramic-based sys¬ 
tems have been found acceptable from the point of view 
of desired product characteristics. At BARC, sufficient 
expertise has been developed in this frontier technology 
and this culminated in setting up of the first Indian vit¬ 
rification facility as a part of Waste Immobilization 
Plant (WIP) at Tarapur 23 . Due to prevailing high radia¬ 
tion field, all operations and maintenance jobs are car¬ 
ried out remotely using various viewing aids (oil-filled 
glass shielding windows and CCTV) and remotization 
gadgets (like power manipulator, master slave manipula¬ 
tor and specially designed grapplers). 

Vitrified waste product - storage and surveillance. The 
vitrified waste product canisters are stored in an air¬ 
cooled engineered facility for surveillance and decay 
heat removal. The surveillance programme consists of 
long-term evaluation of thermal stability, chemical du¬ 
rability and homogeneity of the waste products under 
repository conditions. To meet this objective, various 
hot cells and experimental facilities have been estab¬ 
lished at the waste-treatment facilities at Tarapur, which 
consist of ultrasonic core drilling for specimen prepara¬ 
tion, ICP-AES for leachant analysis and XRD/SEM/ 
EDX systems for homogeneity studies 24 . This R&D 
work- is done as a part of international collaborative 
work co-ordinated by IAEA. 

HLW -final disposal. After interim storage for a period 
of 20-30 years, high level waste products will be placed 
in a geological disposal facility at an optimal depth 
adopting a multi-barrier approach. The selection of suit¬ 
able rock formation is a multidisciplinary activity in¬ 
volving physicochemical, thermal, thermomechanical, 
hydrological and radiological studies for detailed 
evaluation and assessment. Our repository programme 
includes performance evaluation of multibarrier system 
components, individually as well as jointly followed by 
theoretical modelling, laboratory and field investigation 
and in situ tests. 

Actinides in HLW. There is a growing awareness 
amongst scientific community working on nuclear waste 
management with respect to separation of long-lived 
isotopes from the waste. Various laboratories are work¬ 
ing on development of process and flow sheet for sepa- 
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ration of actinides from HLW. These studies show that 
crown ether and carbamoyl methyl phosphine oxide 
(CMPO) are two promising extractants. These efforts 
have two dimensions. One, separated actinides like 
237 Np, 241 Am and 241 Pu are suitable for recycling as a 
nuclear fuel. Secondly, long-lived isotopes which cannot 
be recycled could either be subjected to transmutation or 
immobilized in thermodynamically stabler matrices like 
ceramics. One such promising material is titanium-based 
assemblage of crystals, commonly referred to as syn- 
roc 25 . It consists of zirconolite, hollandite, pervoskite 
and rutile together with minor alloy phase. A distinct 
advantage of using such formulations is the improved 
isolation for extended periods of time. 

Accelerators in nuclear fuel cycle 

The task of disposal of the radioactive waste produced 
in the nuclear reactors in a cost-effective manner is 
complex and is being attacked, primarily, on two fronts. 
Firstly, to find ways to minimize the waste production 
and, secondly, to develop techniques to transmute the 
existing long-lived waste into short-lived waste. Atten¬ 
tion has been focused on developing reactors which ei¬ 
ther recycle and transmute their own actinides (e.g. in 
the integral fast reactors) or specifically burn the acti¬ 
nides (actinide-fuelled fast reactors). Such reactors can 
operate in the hard neutron spectrum regime in order to 
exploit the high fission to capture ratio. 

An alternative method with increased safety features 
is to operate such systems in subcritical state by feeding 
them with neutrons, externally. These are spallation 
neutrons which are produced using accelerators deliver¬ 
ing very high power proton beams in the energy range of 
1 to 2 GeV. Because of operation in sub-critical mode, a 
sudden excursion in power is not possible. In the event 
of an undesired power increase, the accelerator is 
quickly shut-down starving the system of the ‘external’ 
neutrons. This results in quick decrease in the power 
level, thereby ensuring safety of the system. 

The other advantage of sub-critical assemblies lies in 
the fact that the ‘externally’ fed spallation neutrons are 
multiplied by fission as the system is reactor-like. This 
can make the accelerator-based transmutation cost- 
effective because the power produced in fission is not 
only sufficient to run the accelerator complex but is also 
available for feeding into the grid at, presumably, com¬ 
petitive cost. The construction of accelerators to pro¬ 
duce such powerful beams approaches the cutting edge 
of the technology. While achieving the beam energy of 1 
to 2 GeV is not difficult with the existing accelerator 
technology, accelerating beam currents of the order of 
10 to 250 mA is rather tough, more so at low energy end 
of the accelerator complex because of space charge 
blow-up. Such beam currents are one to two orders of 
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magnitude higher than the existing machines. For the 
lower beam currents (several mA) cyclotrons are less 
expensive to build, but to obtain several tens or hun¬ 
dreds of mA, linacs seem to be the only solution. Linacs 
are very expensive machines to build (also import com¬ 
ponent is much higher in the Indian context). However, 
enough of confidence exists in the accelerator tech¬ 
nologists to build both kinds of accelerators. The de¬ 
sired beam current depends on the type of application. 

The so-called energy amplifier concept of Carlo 
Rubbia 26 employs a 1 GeV cyclotron complex delivering 
10 mA proton beam 27 . The beam is directed on a Pb tar¬ 
get inside the assembly producing spallation neutrons. 
The target is enclosed by a thorium-uranium-233 blan¬ 
ket; thorium is converted into 233 U while 233 U burns to 
release energy and the two can operate in a self- 
sustaining mode. Plutonium production is virtually non¬ 
existent. Fast neutron operation and lead moderator are 
preferred. Lead leads to much more homogeneous dis¬ 
tribution-of neutrons. ‘Poisons’ like 135 Xe are not pro¬ 
duced (they are present in the thermal neutron case). In 
the transmutation mode, some selected long-lived fission 
products, e.g. I35 Cs, 129 I, are recycled in the rods de¬ 
pending on neutron availability. They are transformed 
into short-lived or non-radioactive elements. The energy 
amplification of 60 to 120 can be expected. In one such 
scenario, the system will feed the required 20 MW for 
the accelerator complex and in addition can feed mini¬ 
mum 180 MW to the grid. 

For transmutation of the existing nuclear waste, sev¬ 
eral different concepts have been developed which differ 
on the grounds of the particular actinides to be burnt 
and/or the particular fission product to be transmuted. 
Depending on the application, fast neutron or thermal 
neutron regime is exploited. Complexity of the system 
varies accordingly and depends also on the number of 
operations to be performed simultaneously, namely, fis¬ 
sion, transmutation, breeding, etc. The required beam 
current (energy of 1 to 2 GeV) depends on the amount 
of Toad’ in the sub-critical assembly as well as on the 
operating multiplication factor. For example, calcula¬ 
tions from Los Alamos show that a'1.6 GeV, 13 mA 
proton beam will convert waste of one 3 GWt LWR re¬ 
actor and generate 1060 MWT power 28 . 

Concluding remarks 

In spite of impressive progress made in the power sector 
in the country, power shortages continue to persist. The 
annual per capita electricity consumption for India is 
around 300 kWh, which is far below the world average 
and is a small fraction of that in developed countries 
like USA. The Central Electricity Authority has pro¬ 
jected a demand of 142,000 MWe of installed capacity 
of electricity during the 15 years from 1992 to 2007. 


Currently the installed capacity is 81,000 MW with 
coal-based power stations providing the major part of 
the demand followed by the hydel ones. The energy de¬ 
mand of the country necessitates utilization of all forms 
of energy without exception and as efficiently as possi¬ 
ble. All forms of energy have their own merits and their 
own constraints. 

While coal-based power stations will continue to play 
a major part for many more years to come, they are 
likely to pose serious problems in the future arising out 
of transport of large quantities of coal across the coun¬ 
try, apart from environmental problems related to dis¬ 
posal of ash and emission of greenhouse and acid gases. 
Clean technologies for thermal power are also more ex¬ 
pensive. A 1000 MWe station needs 4-5 million tonnes 
of coal a year. Coastal shipping and high voltage DC 
transmission which are being proposed may alleviate the 
severity of the problem, but cannot be a solution if coal- 
based power stations have to bear the major burden of 
power production in the country. Further, reserves of 
coal are finite. It may not be possible to meet the future 
requirements without import of coal, which will pressur¬ 
ize India’s foreign exchange resources. 

Hydel power is cheap and has no emissions affecting 
the environment. But a hydel station occupies a large 
area and suffers from social constraints arising out of 
evacuation and rehabilitation of a large population and 
ecological considerations. No doubt, small hydro proj¬ 
ects are making good progress, but capacity based on 
them will be limited. While every attempt must be made 
to utilize solar energy to the extent feasible, this form of 
energy appears good only as a decentralized source. Its 
economic viability is yet to be established. A 1 MW 
solar station needs nearly 7500 m 2 of mirror area which 
has to be sustained dust-free to maintain efficiency of 
the solar cells. Wind power is also now being availed 
for small power requirements as a local source. How¬ 
ever, large power stations of this type will suffer from 
infrastructural problems, particularly as they will have a 
large number of wind mills with many moving parts. It 
is also reported to be interfering in TV transmissions. 

As mentioned earlier, it is evident that to meet the 
power demand in India, all forms of energy with an ap¬ 
propriate harmonious mix is essential. In this energy 
mix, nuclear power has an important role to play in the 
coming years. France which has nuclear power constitut¬ 
ing nearly 80% of its total electricity, Japan which has 
issued a White Paper stressing the importance of nuclear 
power for its national development, and China which 
has embarked on a large nuclear power programme, in 
spite of large reserves of coal, have chosen nuclear 
power for energy security and independence. This is 
also true for India. A programme of 20,000 MWe in¬ 
stalled capacity with a mix of reactors including Fast 
Breeder Reactors in the course of the coming 25 years 
may constitute an effective base for nuclear power, from 
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which we can expand our programme into the later part 
of the next century. 
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Documenting diversity: An experiment 


Madhav Gadgil 

Complex natural systems such as soils, groundwater, and populations of disease vectors like mos¬ 
quitoes exhibit a great deal of variation in space and time. Documenting such variation is essen¬ 
tial for good management of environmental resources; it can also provide for students and 
teachers excellent opportunities for first hand scientific observations. This article describes such 
an experiment, focusing on inventorying and monitoring of biodiversity of the Western Ghats . Ini¬ 
tiated in early 1994, this experiment involves a network of over 20 undergraduate colleges col¬ 
laborating with ecologists at the Indian Institute of Science in Bangalore . Experience gained so 
far in this programme suggests that such field research could serve as a valuable teaching device , 
as well as generate useful inputs for decentralized management of natural resources at the 


panchayat and district levels . 

Complexity and diversity are the new frontiers of sci¬ 
ence. The focus is now on systems like climate, and on 
the extent to which it will change as a consequence of an 
increase in the concentrations of greenhouse gases. It is 
on the diversity of life, and on the rate at which this is 
being eroded through manifold human impacts. It is on 
contagious diseases like AIDS and on understanding 
how these spread as a result of human social behaviour. 
The most significant challenges before science today lie 
in understanding complex systems with a great diversity 
of behaviours in space and time 1-3 . 

This shift in focus to complex, diverse systems has 
important implications for a country like India. Biolo¬ 
gists have identified India as one of the top twelve me¬ 
gadiversity countries of the world; harbouring an 
estimated 500,000 out of some 10 to 30 million species 
of living organisms 4 . Indian monsoon circulation is 
amongst the most variable in the world, and is suspected 
to drive the El Nino-La Nina oscillations. India harbours 
amongst the culturally most diverse societies in the 
world, with shifting cultivators and artisanal fisherfolk 
coexisting with shrimp acquaculturists and software en¬ 
gineers 5 . So India offers a wealth of fascinating, com¬ 
plex, diverse systems for our scientists to work on. 
There are interesting new facts to be discovered about 
these systems and we are placed in an advantageous 
position to do so. 

This is not the case when dealing with relatively sim¬ 
pler physical, chemical systems. Such systems are more 
universally accessible for investigations. In conse¬ 
quence, relatively readily accessible facts tend to be 
already known, and discovering new facts calls for 
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elaborate, expensive experimental set ups, highly puri¬ 
fied, expensive chemicals. As citizens of a relatively 
resource poor country Indian scientists are at a disad¬ 
vantage in working with such simpler systems. But India 
with its large numbers of trained men and women could 
be at a considerable advantage and make significant 
contributions worthy of it, if our scientific community 
purposefully addresses the challenge of working at the 
new frontiers of science; of complex, diverse systems. 

Science as a process 

Admittedly we are far from geared to take on this chal¬ 
lenge. One of our main shortcomings is the system of 
science education 6 . Any worthwhile system of science 
education should teach science as a process; a process of 
discovering new facts, organizing them in appropriate 
systems, making new predictions on the basis of such 
understanding and going out to look further for yet more 
new facts in the light of these predictions. But our cur¬ 
rent system of science education tends to treat science as 
a collection of facts, to be memorized by rote and re¬ 
produced at the time of examinations. This is in part 
inevitable in teaching about simpler systems of physics 
and chemistry, for in these contexts new facts are so 
hard to come by. Given the difficulties of properly 
equipping the laboratories in our teaching institutions, 
students have very limited opportunities of familiarizing 
themselves at first hand with even the known basic facts, 
let alone explore new facts. So science education ends 
up as an exercise of learning facts by heart from books, 
with little contact with the real world. This is not a sys¬ 
tem conducive to producing scientists equipped to ex¬ 
plore new frontiers. 

In the study of complex, diverse systems, in contrast, 
new facts are all around us and these are facts both of 
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scientific interest and of practical value. The West Coast 
of India receives as much as 3000 mm of rain in many 
places. Yet many coastal villages and towns experience 
acute scarcity of drinking water in the summer. More¬ 
over, more and more such places find brackish sea water 
encroaching on the ground-water aquifers supplying 
their drinking water wells. It is important to understand 
the water cycle in these tracts, the relationship between 
surface run-off and percolation to the ground-water aq¬ 
uifer, the role of vegetation, soils and rock structure 
play in this context, the interplay between the freshwater 
aquifer and the sea water 7 . The pertinent facts change 
from locality to locality, from season to season, from 
year to year. So they need to be continually monitored 
everywhere, interpreted in the proper theoretical frame¬ 
work and used to predict when and where water scarci¬ 
ties will develop. To take another example, India’s west 
coast abounds in a diversity of medicinal herbs as well 
as a diversity of medicinal uses of these herbs by the 
various tribal, rural communities and in systems such as 
Ayurveda, Siddha and Yunani. Populations of many of 
these herbs are being decimated today through overhar¬ 
vests by agents of pharmaceutical companies, and 
through destruction of their habitats in many different 
ways. It is important to document the various reported 
uses of these herbs, to assess their efficacy, to monitor 
the status of their populations. These facts also vary 
from locality to locality, from year to year. They have 
important practical applications in terms of commercial 
production of pharmaceuticals, of providing readily ac¬ 
cessible health care to large numbers of our people, of 
maintaining long term viability of the populations of 
these species 8 . 

Down to earth 

These are just two of the many, many examples of how 
the study of behaviour of water, rocks, soils, microbes, 
plants, animals, human groups would generate new facts 
of scientific interest, and with practical implications. 
Surely involving science students, and of course, teach¬ 
ers as well, in a process of discovering, interpreting and 
predicting on the basis of such new facts observed first 
hand would be the best way of training practising scien¬ 
tists for India. The difficulty of course is that such a 
system of training scientists cannot be organized in a 
routine, unimaginative, centralized fashion. Moreover, 
the training students receive through such a process 
cannot be assessed through routine, unimaginative, cen¬ 
tralized examinations. It would therefore call for more 
initiative, more effort on the part of teachers and admin¬ 
istrators. It would also mean much less scope for private 
coaching in which many teachers are involved today. So 
there would undoubtedly be some inertia and some 
vested interests against implementing such proposals. 
But the students, unless they get away with copying at 


the exams, would stand to gain in every way. For now 
their effort would go into making first hand scientific 
observations, interpreting new data in place of learning 
dead, seemingly irrelevant facts by heart. The process 
would not only help produce a scientific manpower and 
womanpower that can work far more competently on 
real life problems, but the process would generate in¬ 
formation that would be of use in tackling real life 
problems of relevance to the society. 

Biodiversity 

The fact that such a process can generate information of 
social relevance means that the society would be more 
readily willing to fund this type of science education. I 
would like to discuss here a concrete example of how 
such funds can be available, and can be put to use to 
generate activities of both educational and practical 
value for science teachers and students. The activities 
pertain to inventorying and understanding on-going 
changes in the levels of biodiversity of living organisms. 
Such an understanding of levels, distribution and dy¬ 
namics of biodiversity has assumed considerable signifi¬ 
cance over the last decade for two reasons 9 . Firstly, 
recent developments in molecular biology now make it 
possible for us to move genes across completely unre¬ 
lated organisms - from mammals to yeasts, from bacte¬ 
ria to insects. This has added an entirely new dimension 
to the possibilities of putting genetic resources to human 
use, so that organisms once thought of as totally insig¬ 
nificant may now be put to use and result in large com¬ 
mercial gains. Along with this have come the 
possibilities of patenting of living organisms and their 
products 10 . Thus Japanese have applied for a patent on 
the digestive enzymes of an Australian frog that broods 
its young in its stomach. Perhaps these enzymes hold 
clues to the treatment of stomach ulcers. Japanese also 
reportedly import from the west coast of India insectivo¬ 
rous plants belonging to the genus Drosera ; they may be 
developing some applications based on their unusual 
enzymes. Along with such technological developments 
and opening up of commercial possibilities has come the 
realization that the world’s heritage of biological di¬ 
versity is being rapidly eroded and requires urgent ac¬ 
tion for conservation. 

International convention 

These two-fold developments, a realization of tremen¬ 
dous value and a concern with long term conservation, 
have recently resulted in an International Convention on 
Biological Diversity (CBD) initiated at the Rio Earth 
Summit in June 1992 and in force since December 11 
1993. CBD, for the first time recognizes the sovereign 
rights of all countries over their biodiversity resources, 
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Agastyamalai - A view of Agastyamalai hills in Thiruvananthapu- Typical shola vegetation of Western Ghats. Photo: N. A. Madhya- 
ram. These hills are known for high levels of biodiversity, a good stha * 
number of which are endemic to the Western Ghats. Photo: M. D. 

Subash Chandran. 




urvsera inaica - an insectivorous plant growing during the rainy 
season along the exposed laterite hills of coastal Uttara Kannada 
Photo: M. D. Subash Chandran. 


Acrocarpus fraxinifolius - Buttressed base of an immese sized tree 
Acrocarpus fraxinifolius at Narasimharajapura Range, Chikmagalur 
district. Photo: M. D. Subash Chandran. 


commits all parties to the convention to facilitate access 
to their resources, and in return promises the countries 
of origin of such resources favourable treatment in terms 
of transfer of technology and of financial resources. 
CBD commits countries to prepare proper inventories of 
their biodiversity resources, to monitor their fate, to or¬ 
ganize adequate information systems for such resources, 
and to take steps to conserve them 12,13 . CBD also rec¬ 
ognizes the role of indigenous communities in conser¬ 
vation and sustainable use of biodiversity resources and 
enjoins member countries to share benefits of utilization 
of biodiversity resources with these indigenous com¬ 
munities. 


India, along with 125 other countries is a party to 
CBD and therefore committed to developing an inven¬ 
tory of its biodiversity resources, monitoring their dy¬ 
namics, organizing a computer-based system of such 
information and working out an effective strategy of 
conserving these resources 14 . It is also committed to 
documenting the knowledge and practices of conserva¬ 
tion and sustainable use of biodiversity elements by its 
indigenous communities 15 . These are major challenges 
before India’s biological, informatics and anthropologi¬ 
cal communities, challenges that can be turned into sig¬ 
nificant opportunity for injecting a new vigour into our 
educational and research establishments, and to con¬ 
tribute towards conservation of our national heritage. 
There is genuine social demand at the national as well as 
international level for addressing this challenge, and 
financial resources are being mobilized. What is needed 
is the will to organize the effort. 
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Profuse natural regeneration of Xylia dolabriformis (ironwood tree) in a 
protected forest planted with exotic Acacia auriculiformis. In most of the 
Western Ghats tract mere protection by fencing alone is sufficient for 
rapid regeneration of natural forests. Photo: M. D. Subash Chandran. 



‘Draco’ - a flying lizard found frequently in the Agastyamalai area. 
These are being caught and sold in hundreds by greedy specimen 
collectors. Photo: M. D. Subash Chandran. 



Encroachment - a common site. Photo: N. A. Madhyastha. 



A network team from Bhadravathi engaged in field work in Narasimha- 
rajapura range forest of Chikmagalur district. 


An immense task 

The task of inventorying and conserving biodiversity is 
immense, for valuable elements of biodiversity are not 
restricted to a few pockets, in a few national parks. Wild 
relatives of rice, for instance, occur in numerous wet¬ 
lands dispersed over the Indian countryside and wild 
relatives of taros and yams are to be found along road 
verges. The insectivorous Drosera plants being quietly 
collected and exported to Japan occur in small rain 
puddles on sheet rocks all along the Western Ghats. So 
the task must truly cover all of the country, and concern 
itself as much with lowly lichens and leeches, mush¬ 
rooms and mayflies as with tigers and rhinoceros. 

Such a task cannot be carried out in a routine, central¬ 
ized fashion for the ecological systems are highly vari¬ 
able in space and time, and must be investigated and 
more importantly managed in ways sensitive to this 
variation. So it is necessary to organize an effective 
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network covering the entire country. Such a network 
will have to be erected on two pillars; the large numbers 
of students and trained biologists working as teachers in 
undergraduate colleges throughout the country and the 
even larger number of practical ecologists - fisherfolk 
and shepherds, dispensers of herbal medicine and rat¬ 
catchers who depend on living resources for their liveli¬ 
hoods 14 . If mobilized such a group will not only 
generate valuable information, of both basic and applied 
interest but the process will also serve as an excellent 
tool of training in science. 

Western Ghats 

In 1993 funds for such an experiment became available 
to me through an award as a Pew Foundation Fellow in 
Environment and Conservation 16 . The foundation pro¬ 
vides to the fellow’s institution an amount of $150,000 
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to be spent over a four-year period in a flexible fashion 
at the fellow’s discretion. This support has been used to 
organize a network of undergraduate colleges, university 
departments, and NGOs to investigate the biodiversity 
of the Western Ghats. The hill chain of Western Ghats 
has been recognized as one of the World’s 18 Biodi¬ 
versity-Hot Spots, i.e. a region of high levels of biodi¬ 
versity under threat of rapid loss 17 . The Western Ghats 
are an island of tropical humid forest at a considerable 
distance from the large humid forest tracts of Southeast 
Asia, and harbour a large number of endemic species, 

i.e. species occurring nowhere else in the world. Inven¬ 
torying, monitoring and conserving the biodiversity of 
the Western Ghats is therefore an important concern. 

Along with the adjoining West Coast, the Western 
Ghats are a region of highest levels of literacy on the 
Indian subcontinent. It therefore has a large number of 
biology teachers, certainly well over 1000, many of 
them Ph D holders working in undergraduate colleges. I 
have been in touch with several of them over the years, 
having organized a successful project to evaluate the 
impact of the Western Ghats Development Programme 
with the help of students and teachers of 28 colleges in 
Karnataka 18 in 1990-91. So when the Pew Award funds 
became available I invited 45 biology teachers from the 
Western Ghats states of Maharashtra, Goa, Karnataka, 
Tamil Nadu and Kerala to consider the possibility of 
working together on biodiversity problems of the region. 
We met in Bangalore from 4 to 7 April, 1994 and agreed 
to collaborate. A series of intensive workshops, includ¬ 
ing several on field methodology followed. This has 
resulted in the establishment of the Western Ghats Bio¬ 
diversity Network (WGBN) functioning in a co¬ 
ordinated fashion with a common methodology jointly 
evolved by the whole group. 

Research methodology 

This methodology involves the following elements: 

1. Each team selects an area of about 25 km 2 , prefera¬ 
bly close to the location of their institution, for bio¬ 
diversity studies. These study sites include examples 
of both relatively natural, as also human-impacted 
ecosystems. 

2. These study sites are investigated as a landscape 
composed of different individual elements such as 
evergreen forest, moist deciduous forest, tree sa¬ 
vanna, grasslands, ponds, seasonal streams/ 
streamlets, habitation, etc. Initially different types of 
landscape elements are identified and mapped with 
the help of a Survey of India toposheet. 

3. This landscape map is compared with a false colour 
composite of a satellite imagery and correspondence 
is established between ground truth and imagery. 
Certain ground control points which can be reliably 
located on the topographic maps and on the satellite 
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image are identified, and ground truth ascertained in 
the vicinity of such points. The control points are 
used to correct the geometric distortion in the satel¬ 
lite imagery. All this information leads to generation 
of supervised classification of the landscape under 
investigation. 

4. The landscape map serves to locate representative 
elements of each type of landscape element for an 
investigation of levels of species diversity in se¬ 
lected groups of organisms such as freshwater mol¬ 
luscs and insects, mosses, flowering plants, 
butterflies, ants, legless amphibians and birds. 

5. These landscape maps are compared with informa¬ 
tion obtained on earlier status of the landscape from 
older topographic maps, satellite imagery, as also 
oral accounts of the local people to reconstruct the 
ecological history of the landscape. 

6. Local people are interviewed to document their 
knowledge of occurrence and uses of various plant 
and animal species as also of local conservation 
practices. Also documented is their perception of 
ongoing patterns of landscape change, ongoing 
changes in biological communities as well as species 
of particular interest such as medicinal herbs, and 
their perception of forces driving these changes. 

7. All of this information is put together to derive a 
picture of ongoing changes in biodiversity, forces 
driving such changes and of how local communities 
perceive these. Attempts are being made to use these 
as inputs for the development planning process at the 
panchayat, taluk and district levels to steer develop¬ 
ment on to a more environment-friendly course. 

Network profile 

The programme was kicked off with a 4-day methodol¬ 
ogy workshop held in field at the Integrated Rural Tech¬ 
nology Centre of Kerala Sastra Sahitya Parishat at 
Mundur near Palakkad from 28 to 31 May 1994. It 
brought together 35 science teachers representing 27 
institutions, with researchers from the Indian Institute of 
Science (IISc), M. S. Swaminathan Foundation (MSSF) 
and the Foundation for Revitalization of Local Health 
Traditions (FRLHT). These 27 institutions included 2 
University botany departments, 20 undergraduate sci¬ 
ence colleges and 5 NGOs. Two of these NGOs were in 
fact channelizing funds to 2 more colleges. As Figure 1 
shows the network spans the entire north-south stretch 
of the Western Ghats in the states of Maharashtra, Goa, 
Karnataka, Kerala and Tamil Nadu. It covers the eleva- 
tional gradient from sea level to 1200 m; the greatest 
concentration being in the range of 0-600 m. The sites 
under investigation thus do not include higher altitudes 
above 1200 m. IISc, however, has a field station in the 
upper Nilgiris at an altitude of 2000 m, helping to fill 
this gap. The sites cover the rainfall gradient from 1000 
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Figure 1. Study sites of the Western Ghats Biodiversity Network members in relation to the distribution of vegetation types. Open 
circles refer to the headquarters of the member institution, filled circles to the study sites. The letters L, M and H in brackets following 
the vegetation type refer to low (0-600 m), medium (600-1200 m) and high (above 1200 m) elevation zones. 
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to 6000 mm a year, as also over 3 to 8 dry months a 
year. The vegetation types investigated by the network 
span wet evergreen forests and various cultivations 
through moist and dry deciduous forest and scrub, leav¬ 
ing out only the high altitude sholas and grasslands; 
these are being studied through IISc’s field station. 

The actual study sites range from a distance of 10 to 
200 km from the location of the institution involved; the 
median distance being 40 km. Most study sites are con¬ 
siderably impacted by human interventions; all of them 
however do retain some tracts of forest vegetation with 
near-iiatural composition. The landscapes are intricate 
mosaics of patches and linear elements. For our purpose 
only those above 2500 m 2 in size are recognized. These 
have been assigned to 45 types of terrestrial and 10 types of 
aquatic elements. The study sites are mosaics of several 
individual patches, belonging to 4 to 20 types. Of these 
scrub, disturbed moist deciduous forest and tree savanna 
are most widespread, occurring in 60% of the study 
sites; 5 other element types occur in only one site each. 

Landscape ecology 

Development of a standardized system of classification 
of landscape element types, their mapping in the field, 
leading to supervised classification of the satellite im¬ 
agery on the basis of such a map been completed for 20 
of the 27 study sites. The Regional Remote Sensing 
Service Centre (RRSSC) of the Space Department in 
Bangalore has played a key supportive role in this pro¬ 
gramme. Attributes of these landscapes are now being 
analysed with the help of Geographical Information 
System, and we should soon be able to publish a rather 
comprehensive study of the landscape of the Western 
Ghats as a result of the co-operative effort of WGBN in 
collaboration with RRSSC, Bangalore. The system of 
classification of landscape element types for this bio¬ 
geographic province could be the starting point of de¬ 
veloping a comprehensive system of this type for other 
parts of India as well 12 . 

Sampling biodiversity 

Mapping of the landscape provides the context for field 
sampling of diversity in a variety of taxonomic groups. 
The attempt is to sample patches of all types of land¬ 
scape elements with greater emphasis on types such as 
evergreen forest supporting higher levels of diversity. 
This sampling involves laying of quadrats of 
10 m x 10 m at 40 m interval along transects 600 m 
long, if necessary in more than one segment in smaller 
patches. Birds and butterflies are sampled along the en¬ 
tire 600 m transect, while trees and other taxa such as 
ants and frogs are sampled in the quadrats. Freshwater 
molluscs and insects are being sampled in aquatic habi¬ 
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tats through as yet unstandardized methodologies. 
Caecilians (legless amphibians) are also being sampled 
opportunistically in their preferred habitats, apart from 
quadrats. 

Such sampling has progressed to varying degrees. A 
total of 250 transects have been laid over 25 study lo¬ 
calities; sampling of trees has been concluded in 3000 
quadrats of 100 m 2 each over these transects. Birds have 
been sampled along 75 transects in 15 study localities; 
butterflies along 90 transects in 15 localities. Some lim¬ 
ited sampling of freshwater molluscs, fishes, mosses, 
freshwater insects, ants, caecilians, frogs and snakes has 
also been completed. Much of these data have been 
computerized using a common format; its analysis is 
now being initiated. 

Practical ecological knowledge 

WGBN has, from its inception, attempted to interact 
with and involve local communities in the exercise. An 
important component of the programme is to document 
the perceptions and knowledge of the local communities 
regarding the landscape over which they gather re¬ 
sources such as fuelwood and medicinal herbs, the status 
and ongoing changes in the soil, water and biological 
resources. This programme of community level docu¬ 
mentation is being undertaken as a part of the larger 
countrywide exercise of ‘Community Registers’ initiated 
by FRLHT. Based on the field experience gained over 
the first year, a 4-day field methodology workshop on 
community register was held at Phansad Wildlife Sanc¬ 
tuary in Raigad district of Maharashtra in August 1995 
under the leadership of K. C. Malhotra and M. K. 
Prasad. Following this workshop systematic case studies 
of 4 localities have been initiated. At a more general 
level such documentation continues in all localities. The 
use of plant poisons to collect fishes and protection to 
sacred Ficus trees is being comprehensively documented 
in many of the localities. 

This exercise of community register includes an im¬ 
portant component of local knowledge of changes taking 
place in the landscape and forces driving these changes. 
These changes are related to changes in levels of bio¬ 
logical diversity deriving from habitat changes, as well 
as changes due to direct exploitation of biological re¬ 
sources. Local people are then encouraged to propose 
how they would like to see the processes of landscape 
transformation and of changes in biodiversity regulated. 
It is hoped to use these proposals as inputs to the decen¬ 
tralized processes of management of natural resources at 
the panchayat and district levels. It is also hoped that the 
documentation of the knowledge of uses of elements of 
biological diversity by local communities could aid in 
their sharing in the benefits of commercial uses of this 
diversity within the framework of the Convention on 
Biological Diversity. 
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Capacity building 

WGBN has elicited enthusiastic participation by a num¬ 
ber of undergraduate science teachers and students. The 
field work is spearheaded in some cases by committed 
teachers, in some other cases students are the driving 
force. A total of 300 students were reported to have 
participated in the field work; of these 206 students have 
been active throughout. Five of the students involved 
have taken up special projects on their own, on bird and 
butterfly communities, attributes of tree bark and local 
knowledge. A total of 33 teachers belonging to zoology 
(19), botany (10), statistics (2), computer science and 
economics (1 each) have participated; of these 20 have 
been particularly active. Seven of these active teacher 
participants were invited by the Museum of Natural 
History in London to work at their collections over a 
six-week period in June-July 1995. They were accom¬ 
panied by one scientist each from the Botanical and 
Zoological Surveys of India. We are thus in the process 
of establishing active collaboration with the Surveys to 
help in identification and build systematic-biological 
capabilities at the colleges. 

Strengths and weaknesses 

Experience of the network over the last 18 months has 
helped us understand both strengths and weaknesses of 
the institutions involved. University post-graduate de¬ 
partments are very much dependent on Ph D student 
research and cannot readily involve in a co-operative 
programme of this type. NGOs, especially those de¬ 
pendent on one or few active individuals are also at a 
disadvantage. Under-graduate science colleges, can, 
however function very effectively in such a programme. 
There are of course certain limitations. Currently all 
such activity has to be on a voluntary basis, since no 
academic credit is available for such field research. 
Therefore, teachers and students can spend a limited 
amount of time in the field, and this has to be fitted in 
with the annual calendar so as not to interfere with the 
examinations. Given these limitations, their performance 
has been very encouraging. Two hundred students and 
20 teachers who are more serious have put in about 
4000 total person days of field research over the first 
year, i.e. 18 field days per head per annum. As the 
methodology gets well established, they may be able to 
do better, and we may expect each individual teacher 
and student to put in 30 days of field work per academic 
year. Given that there are over 6000 undergraduate sci¬ 
ence colleges in India, this could amount to a substantial 
contribution. 

The programme started off with 20 colleges, 5 NGOs 
and 2 University Departments. Of these 3 colleges, 1 
NGO and both the University Departments have with¬ 
drawn after completing some limited amount of work. 
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But 17 colleges and 4 NGOs have done well and are 
keen on long term continuation of such a programme. 
We had initiated the network by contacting 45 institu¬ 
tions, of these 27 could be invited to actively participate 
because of limitation of funds. Of the 27, 21 continue, 
and at least 12 have performed extremely well. I believe 
this to be a very encouraging success rate. 

Financial outlays 

The investments required for the programme have been 
very modest. Each institution has used between 20 and 
30 thousand rupees (700 to 1200 US dollars) per year to 
support the field work and computerization of the data. 
The Indian Institute of Science has provided additional 
support to the network with the help of 2 full time staff, 
training programmes and literature at the cost of some 
Rs 300 thousand (10,000 US dollars) per year. These 
modest financial outlays have yielded substantial divi¬ 
dends. 

International programmes 

India, along with 125 other countries is a party to the 
Convention on Biological Diversity and therefore 
committed to inventorying and monitoring levels of 
biological diversity, record this information in comput¬ 
erized data bases and use it to develop strategies of con¬ 
serving biodiversity 12,13 . India has also agreed, as a 
member of the Commission for Sustainable Develop¬ 
ment, to implement decentralized programmes of inte¬ 
grated environmental assessment as a part of Agenda 21 
(ref. 19). Programmes being undertaken by WGBN 
could be a useful model for organizing such activities 
within the country, and perhaps elsewhere in the world 
as well. These programmes also deal with several ele¬ 
ments of a major international scientific effort, Diversi- 
tas, being co-ordinated through UNESCO, ICSU and 
IUBS 20 . It is hoped that WGBN would develop in the 
years to come mutually beneficial links with such inter¬ 
national efforts. 

Prospects 

A great deal could and should be done to take this ex¬ 
periment further. We need to create in our educational 
system much greater flexibility to encourage original 
research by teachers and students, especially at the un¬ 
dergraduate level. Such work should be rewarded by 
academic credit. As argued above, field work on soil, 
water, biological resources could form a most valuable 
component of such research. Such field work needs to 
be promoted by greater flexibility of teaching schedule. 

Institutions of higher learning and scientific agencies 
such as Botanical and Zoological Surveys of India need 
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to be encouraged to actively work with undergraduate 
colleges in such programmes, perhaps through award of 
special grants. At the same time, we need to create 
mechanisms for using the results of such research as 
inputs for a decentralized process of development plan¬ 
ning at the Panchayat and District Levels. Programmes 
such as District Level Units of National Natural Re¬ 
source Management System of the Department of Sci¬ 
ence and Technology and Paryavaran Vahinis of 
Ministry of Environment and Forests could fruitfully 
collaborate with such efforts. 

While much thus remains to be done, there are many 
hopeful signs of progress in these directions, with a 
much greater interest in nature study amongst the 
younger students and a strengthening of the Panchayat 
Raj Institutions. We must now make serious efforts to 
explore these spaces, and to infuse genuine vigour in our 
scientific investigations, as well as efforts at taking good 
care of our natural heritage. 
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Microsatellites in plants: A new class of 
molecular markers 

P. K. Gupta, H. S. Balyan, P. C. Sharma and B. Ramesh 

Department of Agricultural Botany, Ch. Charan Singh University, Meerut 250 004, India 


The present status of research on microsatellites, also 
called simple sequence repeats (SSRs) or short tandem 
repeats (STRs) in higher plants has been reviewed. 
Results on the occurrence, distribution and the level 
of polymorphism of different microsatellites examined 
or searched from DNA sequence databases for different 
plant materials have been tabulated and briefly 
described. Information on number of loci for each SSR 
and the number of alleles at each locus, wherever 
available, has also been included. Methods used for 
developing microsatellite markers have been briefly 
discussed. Achievements made and the future pos¬ 
sibilities for the use of microsatellites in areas like 
selection and diagnostics in segregating populations, 
genome selection during gene introgression (in back- 
cross programmes), genome mapping, gene tagging, 
cultivar identification, germplasm characterization, 
estimation of genetic relatedness, etc. have also been 
reviewed and critically discussed. The addition of 
microsatellite markers to the repertoire of other avail¬ 
able molecular markers should prove very useful in a 
variety of research areas involving plant systems. 


Microsatellites are tandem repeats of DNA sequences 
of only a few base pairs (1-6 bp) in length, the most 
abundant being the dinucleotide repeats. The term 
microsatellite was introduced by Litt and Luty 1 to char¬ 
acterize the simple sequence stretches amplified by 
polymerase chain reaction (PCR). These are also known 
as short tandem repeats (STRs) 2 or simple sequence 
repeats (SSRs) 3 and differ from minisatellites (often 
called VNTRs 4 ), which are repeated sequences having 
repeat units ranging from 11 to 60 bp in length. The 
minisatellites were first reported by Jeffreys et al . 5 , 
though their utility through PCR was suggested later 6 . 
The microsatellites are randomly and more evenly dis¬ 
persed in the genome 7 than minisatellites, which are 
generally confined to telomeres. A dinucleotide like 
(CA) n occurs in human genome, as many as 50,000 
times, with n ranging from 10 to 60 (ref. 8). The tri- 
and tetra-nucleotide repeats are also common in human 
genome. 

The DNA sequences flanking SSRs are known to be 
conserved in the same manner as those flanking mini¬ 
satellites (VNTRs). These conserved sequences have 
been used for designing suitable primers for amplification 


of the SSR loci using PCR. Any such primer or a pair 
of primers, when used to amplify a particular SSR locus 
in a number of genotypes, will reveal SSR polymorphism, 
in the form of differences in length of the amplified 
product, each length representing an allele at that locus. 
The length differences are attributed to the variation in 
the number of repeat units at a particular SSR locus, 
possibly caused by slippage during replication 9 . The 
initial experiments with microsatellites revealed their 
following attributes: (i) these markers are codominant, 
like most RFLPs, (ii) many alleles exist in a population 
and the level of heterozygosity is extremely high, and 
(iii) the markers are inherited in Mendelian fashion and 
thus can be used for linkage analysis. The microsatellites 
or SSRs are being used and will certainly have increased 
use in future in our efforts to map genomes, to quantify 
genetic diversity and to characterize accessions in plant 
germplasm collections 10 . 

Occurrence and distribution 

Microsatellites are an important class of DNA markers 
because of their abundance and length hypervariability. 
They occur frequently and randomly in all eukaryotic 
DNAs examined 1,11 ' 13 and represent a vast source of 
highly informative markers 7,8,11,12,14,15 . Microsatellites have 
been found and used for genetic analysis in many a 
mammalian species 16 ' 19 and to a lesser extent in other 
eukaryotes, e.g. insects 20,21 , birds 19 , fish 22 , mouse 23 , cattle 24 
and plants 14,15,25 " 41 . The data-base search revealed that 
the relative abundance of different microsatellite motifs 
in plants and animals differs considerably 28,29 . For ex¬ 
ample, (CA) n repeat is one of the most frequently 
occurring microsatellites (several tens of thousands of 
copies) in human and many mammals 10,12,18 , but is com¬ 
paratively less frequent in plants 28 . In contrast, (AT) n 
microsatellites are the most abundant dinucleotide repeats 
in plants. Further, greater abundance of (GA) n repeats 
than (CA) w repeats appears to be a consistent feature 
of plant genomes 26,42 . Trinucleotides and tetranucleotide 
repeats are also found in plant genomes, the most 
frequent of them being (AAG) n and (AAT) rt (refs 
26,28,29,43,44). Search was also made in GenBank™ 
by Sarkar et al. 45 for purine/pyrimidine repeats greater 
than 13 units in length. Their calculations suggested 
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that for every 100 kb of DNA, on an average there 
were 2-3 such SSR loci in primates and 1.8 loci in 
yeast. Condit and Hubbell 25 screened DNA libraries of 
five tropical tree species and Zea mays for the presence 
of (AC) n and (AG) B , which together ranged from 5 x 10 3 
to 3 x 10 5 blocks per genome among the six species 
examined. Search was also made by Cregan 46 for di-, 
tri- and tetrameric repeats and on an average a frequency 
of 0.224 microsatellites per 100 kb of DNA was found 
(Table 1) in ten plant species including yeast. The 
potential of microsatellite sequences as genetic markers 
in hexaploid wheat (Triticum aestivum) with respect to 
their abundance, variation, chromosomal location and 
usefulness in related species was investigated by Roder 
et al 40 . The total number of (GA) n blocks was estimated 
to be 3.6 xlO 4 and the number of (GT)^ blocks was 
estimated to be 2.3 xlO 4 per haploid wheat genome. 
Plaschke et al 4] utilized 23 wheat microsatellite markers 
for the detection of genetic diversity among 40 wheat 
cultivars/lines and found that these 23 microsatellites, 
represented by a total of 142 alleles, were located on 
15 different chromosomes. The number of alleles at one 
locus ranged from 3 to 16 with an average of 6.2 
alleles, while the average dinucleotide repeat number 
ranged from 13 to 41. It was shown that the distribution 
of SSR loci over the different chromosomes and 
chromosome arms was random and that the highest 
proportion of microsatellites occurred on the B genome 41 . 
Table 2 gives information on the distribution of 
microsatellites in some of the plant materials. Distribution 
of (GGC) ;i microsatellite in a wide variety of eukaryotic 
genomes was also reported by Zhao and Kochert 15 . This 
microsatellite is more abundant in monocots (rice, maize, 
bamboo, wild grasses) than in dicots (peanuts, alfalfa). 

Recently, Rubinsztein et al 41 , on the basis of a study 
of allele length distributions for 42 microsatellites in 
humans and their related primate species, reported a 


highly significant trend for the loci to be longer in 
humans than in other primates suggesting that micro¬ 
satellites can evolve directionally and at different rates 
in closely related species. 

Terminology 

Weber 7 categorized microsatellite arrays mainly as ‘per¬ 
fect repeats' (without interruptions), ‘imperfect repeats’ 
(interrupted by non-repeat bases) and ‘compound repeats’ 
(two or more repeat runs present adjacent to each other) 
(Table 3). Smith and Devey 37 also observed in Pinus 
radiata, simple sequence repeats pertaining to these 
three categories and those having other constitutions 
like perfect + compound (perfect), and compound (per¬ 
fect) 4- imperfect. 

Level of polymorphism 

Variation in the number of tandemly repeated core 
sequence of nucleotides at a SSR locus among different 
genotypes provides the basis for polymorphism that can 
be used in plant genetic studies 25,46 . Recent reports 
indicate that SSR loci for a number of core repeat units 
are highly polymorphic between species, and more im¬ 
portantly, between individuals within species and popula¬ 
tions 26,36 . There is also a good linear relationship between 
the number of alleles detected at a locus and the length 
of the microsatellite array. Thus the larger the repeat 
number in a microsatellite, the larger is the number of 
alleles detected 33 . Microsatellites are abundant and highly 
polymorphic in plant species including Triticeae such 
as wheat 40 and barley 36 . In wheat, microsatellites are 
relatively long containing up to 40 nucleotide repeats 40 . 

In humans also, informativeness of microsatellites tend 
to increase with the increase in number of repeats, so 


Table 1. The frequencies and average distances between all possible dimeric, trimeric and tetrameric simple sequence repeat 
DNA sequences in plant species determined from a search of GenBank™ (from Cregan 46 ) 


Plant species 

Kilobases 

searched 

(kbp) 

Dimeric repeats* 

Trimeric repeats** 

Tetrameric repeats*** 

No. 

Distance between 
repeats (kbp) 

No. 

Distance between 
repeats (kbp) 

No. 

Distance between 
repeats (kbp) 

Saccharomyces cervisiae 

2288 

40 

57 

29 

79 

2 

1144 

Nicotiana tabacum 

118 

4 

29 

0 


0 


Glycine max 

212 

6 

35 

1 

212 

4 

53 

Lyeopersicon esculentum 

135 

2 

68 

0 


1 

135 

Triticum aestivum 

151 

1 

151 

43 

4 

o 


Medicago sativa 

30 

0 

— 

1 

30 

0 


Pisum sativum 

129 

3 

43 

3 

43 

2 

64 

Zea mays 

368 

3 

123 

4 

91 

6 

61 

Arabidopsis thaliana 

247 

4 

62 

1 

247 

0 


Oryza sativa 

137 

2 

68 

2 

68 

6 

23 


46 


*Dimeric repeats such as (AT) fl with n > 9. 

**Trimeric repeats such as (ATT) n with n>7. 
***Tetrameric repeats such as (AGAT)^ with n> 4. 
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Table 2. Occurrence and polymorphism of microsatellites in plants 


No. of No. of alleles 

genotypes No. of at one or 

Crop and species examined Repeat unit loci more loci Ref. 


Soybean 

(Glycine max ; G. soja) 


Glycine max 

Glycine max'. 
Glycine soja 


Glycine max 


Phaseolus 
(18 species) 


Grapevine 
(Vitis sp.) 


Arabidopsis thaliana 


Rapeseed 

(Brassica napus L.) 


Maize 
(Zea mays) 

Wild and cultivated barley 
(Hordeum vulgare ) 

Wheat 

(Triticum aestivum ) 


43 

(AD. 


(ATT), 


(CA/GT). 

(AT) 4 

(ATT) 7 

10 

07 

(AT). 

(TAT), 

12-61 

(AT). 

(CT) 16 

(AT) 9 (AAT) 6 

(TA) I0 

(TAT) 20 

96 

(AT), 

(ATT), 

90 

(CA) 8 

(CAC) 5 

(GATA) 4 

(GACA) 4 

26 

Imperfect (A), 
Imperfect (TAA), 
Perfect (GA) /t 
(GTAT), (GT), 

Perfect (AG), 

Perfect (GT), 

6 

(AT) , 

(A). 

(CA) , 

(AG), 

(GA), 

(CT), 

CTC). 

8 

(CA),. (CT),, (GTG), 
(GACA) 4 , (GGAT) 4 , 
(GATA) 4 


(GA), 

(CA), 

(GATA), 

4 

(AAG), 

(ATG)„, (GTG), 

8 

(CT), 

(AG), 

(GCT) 

18 

(GA), 

(GT)„ 

40 

(GA), 

(GT)„ 

Compound 


2 

14 

26 

1 

7 


3 

— 

1 


— 

1 


1 

8 

29 

1 

7 


3 

23 

00 

u» 

* 

1 

4 


l 

4 


l 

7 


l 

7 


1 

23 

86 

3 

21-26 

79 

4 

11-19 


Occurs 
in all 
species 
Occurs in 

13 species 


83 

1 

8 

30 

1 

13 


1 

4 


1 

9 


1 

12 


2 

9 

42* 

2 

9 


1 

3 


6 

23 


14 

57 


4 

19 


1 

3 


_ 

— 

81 


SSR/lOOkb DNA 

SSR/400 kb DNA 

SSR/560 kb DNA 

87 

10 

2 

88 

2 

3 


4 


31* 

1 



1 



4 

33, 28, 37 

36* 

15 

4.6 

41 


(2-7) 


23 

6.2 

(3-16) 

39 

8 

3-16 

40 

4 

3-6 


11 

3-9 
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Table 2. ( Contd) 



No. of 



No. of alleles 



genotypes 


No. of 

at one or 


Crop and species 

examined 

Repeat unit 

loci 

more loci 

Ref. 

Rice 

20 

TAA(GA) 7 A(GA) 2 

1 

6 

32 

(Oryza sp.) 


A(GA)„TTGC 

AAC(GA) 20 AGTAA 

1 

11 




CTCTAT(GT) i2 TTT 

1 

5 




(GT) i6 TT(GT) 4 GAC 

1 

9 




GGAA(GA) 16 GGGG 

1 

8 




CGG(T) 15 (GT) 14 TTC 

1 

8 




CT(GA) 16 GG 

1 

8 




GT(GA) 9 TAG(ATC) 4 

1 

6 



16 

(GGC), 

1 

6 

14*, 15* 

Oryza sativa 

238 

CT(GA) 9 GGT, 

GCT(GGT) 10 GCA 

10 

2-14 

33* 

Oryza sativa and 

> 15 

(TG) 10 , (GT) n , (GAA) 6 , 

— 

— 

82, 89, 

8 other Oryza spp. 


(CAC) 5 , (GATA) 4 , 
(GGAT) 4 , (GACA) 4 



90 

Seashore paspalum 

46 

(GA)„ (CA)„ 

5 

14 

91 

(Paspalum vaginatum) 



(6-16) 


Wild yam 

19-23 

(CT) 17 

1 

6 

35 

(Dioscorea tokoro ) 


(CT) 16 T(CT) 3 - 

T(CT) 3 T(CT) 3 T(CT) 3 

1 

9 




(CT) i2 TT(CT) 4 

1 

4 




(AT) 8 

(GT) 9 GAG(GA) 4 - 

1 

3 




TAATACAGT(AAT) 8 

1 

7 




(TA) 12 (CA) 19 

1 

8 


Tomato 

84 

GATA, GACA 

32 


73* 

(Lycopersicon esculentum x 
L. pennellii - F 2 ) 






Six angiosperm tree species 

6 

1 per 15-200 kb 



25 

Bur oak 


(CA) fl , (GA) rt 

3 

11-20 

92 

(Quercus macrocarpa ) 






Pinus radiata 

96 

(GA) 10 , (CA), 0 

2 

6 

37 


*In these studies different loci have also been mapped. 


Table 3. Terminology of microsatellites 


Category (Weber 7 ) 

Examples (Smith and Devey 37 ) 

Perfect 

(CA) 14 

Compound (perfect) 

(TA) 31 (CA) 42 

Imperfect 

TAAT (TAA) 5 A AT AT A AT A 


that the number of repeats below 12 usually showed very 
low levels of polymorphism. However, the number of repeats, 
below which the degree of polymorphism would dramatically 
drop off may be lower in rice than in humans 33 . 

Development of microsatellite markers 

Microsatellite arrays being shorter in length than mini¬ 
satellites are easy to clone, sequence and amplify through 
PCR. New microsatellites can be cloned directly from 
total genomic DNA libraries or libraries enriched for 
specific microsatellites 48,49 . For this purpose, genomic 


libraries with relatively small clones may also be 
generated in sequencing vectors by ligating the sequenc¬ 
ing vector with genomic DNA restricted with frequent 
cutting enzymes. The library can subsequently be 
screened for microsatellites by hybridization with repeti¬ 
tive oligonucleotide probes, and the positive clones 
identified on screening can then be sequenced. A more 
efficient way of microsatellite enrichment of genomic 
library has recently been worked out using the bead- 
enrichment method 50 . For libraries of larger insert sizes, 
either the positive clones may be subcloned first or a 
pair of degenerate sequencing primers may be directly 
used, which will anneal directly to the sequences in the 
clone, and thus facilitate determination of the flanking 
sequences 51 . Alternatively, known DNA sequences 
(microsatellites) may be searched from the data bases 
like EMBL and GenBank™, and flanking sequences 
noted (Table 4). Once the flanking sequences are known, 
primers may be designed either by manual inspection 
or with the help of computer programs 52-54 . While making 
a choice for primer, one has to take into consideration 
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Table 4. Simple sequence repeats in gene sequences available in the database* 


SSR 

Species 

No. of 
genes 

Important gene(s) 

J 

o 

Antirrhinum majus 

1 

tap2 gene 


Arabidopsis thaliana 

4 

atpCJ (ATP synthase gamma subunit); chitinase; CRA (storage 
protein); atslA (rbcS) 


Hordeum vulgare 

1 

Rubisco activase 


Catharanthus roseus 

1 

cyc02 mRNA 


Daucus carota 

1 

Carrot V-type H + ATPase gene 


Lilium henryi 

1 

del transposon gene 


Zea mays 

2 

En-1 mosaic protein; ZC2 (Zein) 


Pisum sativum 

2 

gpal (GAPDH); P4 (organ specific) 


Solanum tuberosum 

1 

Patatin 


Oryza sativa 

2 

Oryzacystatin; phylS 


Glycine max 

4 

Gy2 (Glycinin); Ibc (leghemoglobin gene); Gmhspl7.6-L (heat 
shock protein gene); sc514 (gene for lipoxygenase) 


Nicotiana tabacum 

3 

t3-ars ; glycine-rich protein gene; nia-1 gene for nitrate 
reductase 


N. plumbaginifolia 

1 

Cab-E gene 5'-flanking region 


Lycopersicon esculentum 

2 

Td (threonine deaminase gene); fruit ripening specific mRNA 


Triticum aestivum 

1 

Alpha-amylase gene 


Candida albicans 

1 

TEF-2 (elongation factor gene) 

(CT) 10 

Lemna gibba 

5 

rbcS genes -SSU26, SSU40A, SSU40B, SSU5A, SSU5B 


Zea mays 

1 

Gpcl 


Ricinus communis 

1 

R. communis mRNA 


Spinacia oleracea 

1 

ACPI (acyl carrier protein I) mRNA 

(GA) 10 

Lemna gibba 

1 

chlorophyll alb apoprotein gene 


Solanum tuberosum 

1 

ST-LSJ (Light-inducible tissue-specific gene) 

(GT),„ 

Petunia hybrida 

1 

CHI-Bgene (Chalcone flavanone isomerase) 

(AAT) 7 

Medicago sativa 

1 

Leghemoglobin gene 


Petunia hybrida 

1 

rbcS gtnc-SSU49J 


Lycopersicon esculentum 

1 

Gene for an elongation factor 

(ATT) 7 

Dolichos biflorus 

1 

Lectin DB58 gene 


Psium sativum 

1 

P4 (organ specific) 


Glycine max 

1 

SbPRPl (soybean proline-rich protein gene) 


Spinacia oleracea 

1 

mRNA, photosystem I subunit V 


Nicotiana plumbaginifolia 

1 

ATP2-1 (mt ATP synthase gene) 

(AGC) 7 

Zea mays 

2 

GSH glutathione S-transferase III mRNA; spontaneous deletion 
sequence from waxy (wx-B) gene 


Oryza sativa 

1 

Cab2R 


Triticum aestivum 

5 

Gliadin genes (1 gene; 4 cds clones) 

(ACC) 7 

Candida maltosa 

1 

Phosphoribosyl- amidoimidazole-succino carboxamide-synthetase 
(complete cds) 

(TTC) 7 

Mesembryanthemum 

crystallinum 

2 

fnr-A (ferredoxin-NADP + reductase); ppcl (phosphoenol- 
pyruvate carboxylase) 


Catharanthus roseus 

1 

mRNA for strictosidine synthase 


Cucurbita maxima 

1 

Nitrate reductase mRNA 


Oryza sativa 

1 

rbcS gene 

(ATG) 7 

Arabidopsis thaliana 

1 

atpC2 (ATP synthase gamma subunit) 

(TAG) 7 

Hordeum vulgare 

1 

5SrRNA gene 

(ATC) 7 

Pisum sativum 

1 

mRNA for cytoplasmic lipoxygenase 


Sinapis alba 

1 

mRNA for chalcone synthase 
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Table 4. (Contd) 


SSR 

Species 

No. of 
genes 

Important gene(s) 

(AAC) 7 

Dianthus caryophyllus 

1 

1-amino-cyclopropane-1- carboxylate synthase (CARAcc) 


Sorghum bicolor 

2 

pGKl (Kafirin DNA); pSK8 (Kafirin mRNA) 


Triticum aestivum 

~ 20 

Gliadins (mainly cds clones) 


T. urartu 

2 

Gliadins (complete cds) 


Candida tropicalis 

2 

cat gene (catalase); POX 9 (peroxisomal catalase) 

(AAG) 7 

Pisum sativum 

1 

leg J (legumin) 

(GGT) 7 

Cucurbita maxima 

1 

Nitrate reductase mRNA 


Candida tropicalis 

1 

POX2 (complete cds) 

(GCT) 7 

Hordeum vulgare 

1 

mRNA for ADH1 


Triticum aestivum 

1 

Alpha-Amy 12/34 gene 5'- region 

(GCA) 7 

Zea mays 

1 

Spontaneous deletion sequence from waxy (wjc-j5) gene 


Triticum aestivum 

- 8 

Gliadin genes (mainly cds clones) 

(CCG) 7 

Sorghum vulgare 

1 

Hydroxyproline-rich glycoprotein gene 

(GGC) 7 

Zea mays 

1 

Albumin b-32 mRNA 

(ACAT) 7 

Lemna gibba 

1 

Chorophyll alb apoprotein gene (cds) 

(AATT) 4 

Pisum sativum 

1 

S2 (organ specific) 


Solanum tuberosum 

3 

Patatin genes (three clones PS3, PS27, 5B6B) 


Oryza sativa 

1 

Waxy gene for glycogen synthetase 


Lycopersicon esculentum 

1 

Dispersed repeat CR1 associated with Cabl gene 

(TTTA) 4 

Glycine max 

2 

Lbcl\ nodulin-35 

(AAAT) 4 

Hordeum vulgare 

1 

Thiol protease aleurone gene 


Oryza sativa 

5 

Glutelins (DNA and cds clones) 

(GGGC) 4 

Zea mays 

1 

Chloroplast GADPH gene 

(ACGG) 4 

Zea mays 

1 

Gpcl (GADPH subunit C) 

(CATT) 4 

Pisum sativum 

1 

Fed-1 (ferredoxin I) 

(ATAC) 4 

Sorghum vulgare 

1 

Hydroxyproline-rich glycoprotein gene 

(TATG) 4 

Glycine max 

1 

Gy3 (glycinin subunit G3) 

(ATAG) 4 

Lemna gibba 

1 

Chlorophyl alb apoprotein gene (complete cds) 

(GTGA) 4 

Glycine max 

1 

Tgml (seed lectin gene transposable element) 

(CGCT) 4 

Zea mays 

1 

Chloroplast GADPH gene (cds) 


^Compiled from data supplied by Susan McCarthy, Co-ordinator, Plant Genome Data and Information Centre 
National Agricultural Library, Beltsville, USA. 


firstly , the melting temperature of primer DNA (based 
on GC content) permitting optimum PCR amplification 
conditions and secondly , the nucleotide sequence of the 
primer, that should avoid self-annealing. 

After PCR amplification, products may be separated 
by electrophoresis on agarose gels and visualized by 
ethidium bromide staining. For better resolution and 
detection of smaller differences in amplified products, 
polyacrylamide gels and silver staining are preferred. 
Microsatellite products can also be labelled by 32 P or 

S to allow their visualization by autoradiography. 
Reducing the number of reaction cycles may also improve 
the resolution. Denaturation gels containing formamide 
and urea may be used to eliminate heteroduplex formation 
or spurious conformations. Resolution may also be im¬ 
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proved by the fluorescent labelling of PCR primers, so 
that the different alleles can be distinguished by quan¬ 
titative differences in the relative intensities of fluores¬ 
cence in the corresponding bands. Overlapping products 
may also be sometimes obtained due to amplification 
of alleles of same length at different loci through the 
use of different sets of primers. These may be resolved 
if different fluorescent dyes are used with different sets 
of primers, so that computer analysis of the output 
signal from scanning laser enables distinction between 
different overlapping primer products, due to different 
characteristic wavelengths of different dyes. Simultaneous 
amplification of different loci by multiplex PCR has 
also been facilitated by the use of different fluorescent 
dyes for different primers associated with different loci. 
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Applications 

Marker-assisted selection in plant breeding 

One of the basic requirements in any plant breeding 
exercise is the ability to screen large segregating popula¬ 
tion for a desirable trait. Since several of these desirable 
traits, particularly the quantitative traits are influenced 
by environment, the visual selection or selection based 
on phenotypic estimations may not be effective. In other 
cases, a phenotypic trait like disease susceptibility may 
not express, if suitable environment is not available, 
and during pyramiding of resistance genes, selection for 
additional resistance genes may not be feasible in the 
presence of an already existing resistance gene. In still 
other cases, the contrasting forms may not be distin¬ 
guishable at the seeding stage, making it necessary to 
grow population up to the adult stage before exercising 
selection. Raising large populations up to the adult stage 
for mere selection needs effort and expense, and there¬ 
fore, a plant breeder would like to exercise selection 
at the seedling stage itself, if feasible. These difficulties 
can be largely overcome, if molecular marker-assisted 
plant breeding is exercised. 

During the last more than ten years, it has been 
emphasized that DNA-based molecular markers can 
actually be used to facilitate plant breeding 55,56 , which 
is sometimes described as ‘molecular breeding’. For this 
purpose, initially restriction fragment length polymor¬ 
phisms (RFLPs) were proposed and used for genetic 
mapping in a number of crop plants. Subsequently, 
several other PCR-based molecular markers including 
random amplified polymorphic DNAs (RAPDs) and 
microsatellites or SSRs were suggested and utilized. 
Table 5 gives advantages and disadvantages of these 
different molecular markers. The use of these molecular 


markers is, however, determined by several factors, a 
major factor being whether their use is cost effective. 

Since the use of RFLPs and RAPDs in plant breeding 
has been discussed in many reviews 57,58 , no attempt will 
be made here to discuss their use. It has been emphasized 
in recent years that RFLP markers are not particularly 
suitable for plant breeding, which requires screening of 
large populations, although Southern blotting has now 
been automated. Instead, increasing interest in the use 
of microsatellites has been witnessed (particularly the 
dinucleotide repeats), in view of their ubiquitous 
presence, abundance and hypervariability. Even though 
the cost of Taq polymerase used in PCR amplification 
of microsatellites may limit its use at present, but the 
price of this enzyme is expected to fall in due course 59 . 

For genetic diagnostic in plant breeding, even though 
a complete automation may take time, some automation 
has already been achieved for DNA extraction at the 
rate of 5-10 |ig of DNA per tissue sample per minute. 
In several laboratories, gel loading, visualization and 
image recording have also been automated. Documen¬ 
tation and analysis of results can also be automated. 
Computer softwares have been developed to handle data 
generated from molecular marker-assisted assays on large 
populations. However, no reliable and completely auto¬ 
matic system (involving steps from DNA extraction up 
to data analysis) is available so far, but should be 
developed in due course of time 59 . 

Genome selection during gene introgression in 
plant breeding 

The use of minisatellites has also been recommended 
for facilitating gene introgression in plant breeding 
programmes 60 . In such a breeding programme, F, hybrid 
is backcrossed repeatedly to the recipient parent with 


Table 5. Comparison of microsatellites with RFLP and RAPD markers 


Characteristic 

RFLP 

RAPD 

Microsatellites 

Principle involved 

DNA blot hybridization 

PCR amplification with random 
primers 

PCR amplification of simple 
sequence repeat loci 

Type of polymorphism 

Single base changes; insertions; 
deletions 

Single base substitutions; 
insertions; deletions 

Variation in number of repeat 
motifs 

Genomic abundance 

High 

Very high 

Medium 

Level of polymorphism 

Medium 

Medium 

High 

Inheritance 

Codominant 

Dominant 

Codominant 

Amount of DNA required 

5-10 pg 

10-25 ng 

50-100 ng 

Sequence information required 

No 

No 

Yes 

Radioactive detection required 

Yes/no 

No 

No 

Development costs 

Medium 

Medium 

High 

Start up costs 

Medium/high 

Low 

High 

Detection 

Autoradiography; biotin 
labelling 

Ethidium bromide; silver 
staining; fluorescence 

Ethidium bromide; silver 
staining; fluorescence 
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an objective to restore the genome of the recipient 
parent with introgressed trait included in it. The number 
of backcrosses in this programme can be reduced through 
the use of polymorphic markers scattered in the 
genome 57,61,62 . For this purpose the use of highly polymor¬ 
phic minisatellite loci consisting of variable number of 
tandem repeats (VNTRs) of relatively short sequences 
mentioned earlier has been recommended. The probes 
into these minisatellites reveal DNA patterns which can 
be used as ‘DNA fingerprints’ as done in rice 63 . However, 
the complex hybridization patterns and preferential 
localization (telomeres) makes their use limited as 
molecular markers. DNA fingerprinting using synthetic 
oligonucleotides (representing di-, tri- and tetranucleotide 
repeats 64 ) can, therefore, be used for this purpose. 

In view of the above, we feel that since microsatellites 
can be used for ‘DNA fingerprinting’, they can also be 
used for genome selection during the introgression breed¬ 
ing programme. The genome selection is based on the 
assumption that the genomes of recipient and donor 
parents can be tagged with the help of DNA fingerprints. 
Therefore, the efficiency of genome selection is propor¬ 
tional^ to the faithfulness of genome tagging, if genome 
tagging is used for selecting individuals in the tails of 
the distributions in backcross generations. 

Genome mapping 

During the last more than ten years, molecular maps 
based on DNA markers have been prepared in several 
crops, some of them being available now in a fairly 
saturated state. Genes for many phenotypic traits have 
also been added to these maps, providing composite 
maps having molecular markers as well as genes for 
specific traits. In some cases, this has also led to the 
establishment of close linkage between specific genes 
and specific molecular markers, so that the molecular 
markers can be used for diagnostics during screening 
of segregating populations or diverse germplasm. 
Availability of a saturated genetic map for a crop also 
allows map-based cloning and subsequent isolation of 
desirable genes. Since many related genomes (for ex¬ 
ample, human and other primates; chickpea, lentil and 
pea; Triticeae members) show synteny, markers 
developed for one genome can be used for other related 
genomes. The most commonly used markers for this 
purpose are RFLPs, although in recent years RAPDs 
have been added and RFLPs have been converted into 
STSs (sequence tagged sites). Only very recently a 
beginning has been made to use microsatellites for 
genetic/physical mapping (Table 2). In wheat, recently 
Devos et al. 65 have shown the potential of microsatellite 
sequences as a PCR-based alternative to RFLP markers. 
The study on the application of two microsatellite 
sequences (one in a y-gliadin pseudogene and the other 
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one in LMW-glutenin gene) in wheat storage proteins 
as molecular markers revealed that these sequences are 
genome specific and displayed high levels of variation. 
Further, the study revealed that even within multigene 
families, minor sequence variation in the microsatellite 
flanking regions can be exploited to construct highly 
specific primer sets, as was demonstrated with the 
y-gliadin gene family 65 . 

An evaluation of the sequence tagged site markers 
for genetic analysis has been done in Citrus and related 
species 66 . The study gives details of the properties of 
two STMS loci that were isolated using bead enrichment 
method 50 . In addition, the extent of primer sequence 
conservation across the range of Citrus species and 
species of other related genera was examined to determine 
the utility of STMS markers for mapping through inter¬ 
generic crosses and for comparative genome analysis. 
During this study, most of the major species of Citrus 
likely to be used in breeding programmes, were ex¬ 
amined. Since the markers were present and were 
polymorphic in all species, they appear to be ideal to 
assist in tracing both monogenic and polygenic traits in 
future. 

Various computer programs are available that calculate 
recombination values and map distances which are then 
used to create genetic maps. LINKAGE-1 (ref. 67) is 
based on chi-square analysis and only allows the evalua¬ 
tion of pairwise (two-point) analyses of recombination 
values. GMENDEL 68 uses a log-likelihood method or 
G statistics. JOINMAP 69 accepts data with different 
expected segregation ratios and integrates data from 
different populations. MAPMAKER 70 performs multi¬ 
point analyses using maximum likelihood in F 2 and 
backcross generations. In some recent studies, a high 
degree of reproducibility and accuracy in allele size 
determination was achieved using the GENESCAN 
automated software 66,71 . Recently, DRAWMAP 72 has also 
been developed for drawing genetic linkage maps. 

The first attempt to use microsatellites for genetic 
mapping was made by Zhao and Kochert 14,15 in rice, 
using (GGC)^ microsatellite. During the last two years 
several other reports of genetic mapping using microsatel¬ 
lites have become available (Table 2). A prerequisite 
for genetic mapping is the identification of microsatellite 
loci, an objective that can be achieved by screening 
either the available DNA sequences from the data bases, 
or the genomic libraries. Both the above approaches 
have actually been used for designing primers used for 
microsatellite amplification, although several of these 
studies were meant for a study of polymorphism at 
microsatellite loci, rather than for genetic mapping. In 
tomato, however, GATA-containing microsatellites were 
detected with the oligonucleotide probe (GATA) 4 by 
Vosman et al. 21 . These microsatellite loci were used for 
mapping on the existing map having 51 RFLP markers 
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Table 6. 

Gene tagging using microsatellites 


Crop 

Gene tagged 

Ref. 

Glycine max (soybean) 

Soybean mosaic virus resistance 

34 

Oryza sativa (rice) 

Yield (QTLs) 

38 


covering all chromosomes. No PCR amplification was 
involved, so that no primers were designed. Only 44 
plants out of the 84 plants drawn from F 2 population 
derived from Lycopersicon esculentum (allround) x L. 
pennellii (LA 716) and earlier used for the above RFLP 
map, were used for mapping 32 microsatellite loci 
containing GATA and GACA repeats 73 . 

Gene tagging 

Although there are numerous examples of tagging im¬ 
portant genes in crop plants employing RFLP and RAPD 
markers, only two examples are available till date where 
microsatellite markers have been used for gene tag¬ 
ging 34,38 (Table 6). Efforts are under way in this direction 
and many more genes will be tagged using microsatellite 
markers in the near future. 

To find a molecular marker linked to a particular 
monogenic trait, one need not necessarily require a 
saturated genetic map. One can make use of near isogenic 
lines 74,75 or follow the approach of bulked segregant 
analysis 76,77 . 

Cultivar identification , estimation of genetic 
relatedness and germplasm conservation 

In the past, hybridization based (involving minisatellite 
and SSR probes) and PCR-based (RAPDs) fingerprinting 
methods 78 have been used for identification of plant 
cultivars as well as in areas like plant propriety rights 
protection, etc. Moreover, assessment of genetic diversity 
among cultivars and their wild relatives has recently 
attracted increased attention in efforts to cope with the 
commonly encountered reduction of diversity due to the 
practice of growing monocultures. Therefore, efforts to 
characterize existing germplasm and available genetic 
diversity are warranted. Considering advantages available 
with microsatellite markers, these markers are certain 
to find increased usage in efforts to quantify genetic 
diversity and to characterize accessions in plant 
germplasm collections. The usefulness of these markers 
for germplasm characterization has been demonstrated 
for sweet potato 79 , soybean 80 , rapeseed 81 , rice 82 and 
phaseolus 83 . Primers representing a combination of two 
tetranucleotides or compound microsatellites, are equally 
effective for characterization of germplasm. The polymor¬ 
phism obtained may be used to distinguish individual 
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plant varieties 84 . Although the development and use of 
SSR markers require an investment in funds and facilities, 
the utility of these PCR-detectable genetic markers clearly 
warrants it. 
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A novel method for mapping assembled 
epitopes in batches: Identification of three 
epitopes at the receptor binding region of 
human chorionic gonadotropin 

G. S. Murthy and N. Venkatesh 

Centre for Reproductive Biology and Molecular Endocrinology, Indian Institute of Science, Bangalore 560 012, India 


Identification of conformation-specific epitopes of 
hCG P has been done using a simple batch method. 
Chemically or enzymatically-modified hCG P has been 
prepared in a batch and the effect of modifications on 
the integrity of different epitope regions has been 
investigated in a quantitative manner using monoclonal 
antibodies (MAbs) immobilized on plastic tubes from 
culture supernatants. Based on the extent of damage 
done to different regions by different modifications, 
three conformation-specific epitopes of hCG p have 
been identified. The method has been shown to have 
important advantages over the existing methods on 
many considerations. Using this approach, these 
epitopes have been shown to be at/near the receptor¬ 
binding region. 


Identification of epitopic regions contributes to the 
understanding of the structure-function relationship of 
the protein antigen and has important relevance in the 
field of virology, protein structure and immunology 1 " 3 . 
Hybridoma technology has helped in providing a probe 
to epitopic regions and presently identification of epitopes 
are done using several methods, but most of the work 
is focussed on identification of sequence-specific epitopes 
using synthetic peptides and pepscan approaches utilizing 
ELISA methodology for screening the peptide sequences. 
However sequence-specific epitopes form a very small 
component of the total antibody produced in the humoral 
system, and majority of the antibodies are directed 
against the conformation specific epitopes 4 " 7 . Attempts 
at identifying conformation-specific epitopes are rela¬ 
tively very few and generally adopt a methodology 
which can focus on only one epitope at a time, and 
are very demanding in terms of the laboratory infrastruc¬ 
ture, purity of the antigens, antibodies and are often 
time consuming 8 " 13 . Recently we reported on the iden¬ 
tification of an oc-specific epitope of hCG, utilizing a 
relatively simple method. This method had several advan¬ 
tages, one of the most important being its feasibility to 
identify the epitopic regions in batches 14 . In this paper 
we describe the development of that method to a batch 


approach for epitope analysis and identification of three 
epitopes of hCG p using monoclonal antibody probes. 

Materials and methods 

hCG and hCG p were laboratory preparations. Both 
showed good homogeneity in SDS-PAGE. Contamination 
of hCGoc in the hCG P preparation was found to be 
less than 0.1% as determined using solid phase radio¬ 
immunoassay (SPRIA) with immobilised a-specific MAb 
16. Iodination grade hCG (CR 127) and hLH were gifts 
from NHPP, Bethesda, USA. All other reagents were 
of analytical grade. Na l25 I was purchased from Amer- 
sham. The production and characterization of the MAbs 
used in this study were reported earlier 15 . All MAbs 
(B12, 18 and 20) are conformation-specific and react 
with both hCG aP and P subunit. Iodination was carried 
out according to standard method 16 . Immobilisation of 
MAbs from culture fluid, SPRIA, chemical modifications 
were all done as already described 14,17 . Modification of 
hCG P was carried out in the same way as done for 
hCG, except 200 jig was used for each modification. 

Dissociation of 125 IhCG-MAb complex 

The complex was obtained by incubating 125 IhCG with 
immobilized MAb on plastic tube in a total volume of 
0.6 ml overnight and discarding the unbound 125 IhCG. 
The tube was washed once with RIA buffer and incubated 
with 0.6 mi of RIA buffer for dissociation to occur. At 
different times of dissociation the supernatant was dis¬ 
carded and the radioactivity bound to the tube was 
counted in a LKB multigamma counter. 

Epitope identification 

The strategy used is essentially same as reported earlier 14 . 
Chemically or enzymatically modified hCG and 
hCG P derivatives were prepared in batches, and the 
effect on the binding ability of immobilized MAbs were 
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quantitatively assessed in SPRIA. Differential stability 
of the epitopes to different modifications were correlated 
with the sequence information to identify the epitopic 
regions through a selection and elimination process as 
already described 14 . 

Results 

Effect of modification of different amino acid residues 
of hCG (3 on the integrity of three epitopes, namely 12, 
18 and 20 is shown in Table 1. It is seen that modification 
of -COOH groups and digestion with trypsin results in 
large loss of activity in all MAb SPRIAs. Modification 
at lysine and tyrosine as well as chymotryptic digestion 
results in significant loss of activity of epitope 12. In 
contrast, modification of tyrosine results in total loss 
of activity of epitope 20. It is also seen that the 
cross-reactivity pattern of these MAbs to hLH is different, 
with MAb 18 showing 100% cross reaction in one 
extreme and MAb 20 exhibiting virtually no cross reac¬ 
tivity in the other end. Cross reactivity with the 
hCG(3 is nearly 100% in all cases indicating that the 
combination of the a subunit does not result in any 
marked changes in the above epitopes. 

Results presented in Table 2 show similar loss of 
activities of different epitopes to modification, as well 
as enzyme digestion of hCG ap dimer. It should be 
noted here that tryptic digestion of acetylated hCG 
which hydrolyses the peptide bonds adjacent to arginine 
residues destroys the integrity of all the epitopes. 
Likewise the modification of the arginine side chains 
through phenyl glyoxal also results in losses of activity 
to > 80%. 

The importance of different residues in epitope integrity 
as obtained from Table 1 is presented in Table 3. In 
all cases arginine and -COOH groups appear to be very 
crucial for the epitope structure. The proximity of amino 
acids to various epitope regions is obtained through the 


Table 1. Effect of chemical and enzymatic modification of hCG P 
on the immunoreactivity of different epitopes 


Derivative 

A A — 

Retention of activity (%)* 
using 

: in SPRIA 

modified 

MAb 12 

MAb 18 

MAb 20 

hCGp 


100 

100 

100 

TNBS 

Amino (K) 

39 

100 

100 

TNM 

Tyrosine (Y) 

65 

90 

<1 

CDI 

COOH (D/E) 

4 

9 

19 

HCOOH 


100 

120 

125 

CNBr 

Meth 

100 

95 

100 

Trypsin 

K,R 

<2 

<1 

<2 

Chymotryp 

Y.F. 

70 

90 

100 

CPAse 


100 

100 

100 

LAPase 


100 

100 

100 


* Activity measurement represents the average of two assays. Interassay 
and intraassay variation (14%) 
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extent of inactivation for chemical modification and 
enzyme digestion. Based on these data the epitope region 
of all the three epitopes is .shown in Figure 1, 
Dissociation of immobilized MAb- I25 IhCG complex 
is shown (see Figure 4). Dissociation is more from the 
MAbs 18 and 20 (50% in 2 h) and less from MAb 12 
(20%), and indicates higher affinity of MAb 12 to hCG, 
compared to the other two MAbs. In contrast to MAbs, 
PAb- 125 IhCG dissociated to <5%. 

Discussion 

Identification of epitopic regions have been done primarily 
on the basis of chemical modification data (Table 1) of 


Table 2. Effect of chemical and enzymatic modification of hCG 
on the immunoactivity of epitopes 


Derivative 

% activity* 

by MAb-SPRIA for epitopes 

12 

18 

20 

TNBS 

20 

90 

100 

TNM 

35 

108 

35 

CDI-DAE 

20 

26 

55 

Acetyl 

100 

100 

100 

Ac.hCG-Tryp 

4 

5 

<2 

Ac.hCG-Phe.Gly 

10 

14 

<2 

Trypsin 

4 

6 

5 

Chymotrypsin 

57 

90 

97 

CPase 

100 

100 

_ 

hCG (3 

100 

100 

100 

hLH 

10 

100 

2 


*The values presented are the average of 2 measurements. 


Table 3. Involvement of amino acid residues in epitope structure 


Epitopes 


A.A. residue 

12 

18 

20 

K: Side chain** 

+ 



Peptide bond** 

- 

- 

- 

R: Side chain 

++ 

++ 

++ 

Peptide bond 

++ 

++ 

++ 

Y: Side chain 

+ 

__ 

++ 

Peptide bond 

- 

- 


Disulphide 

++ 

++ 

++ 

COOH side chain 

-H- 

++ 

+ 

M: Peptide bond 

- 

- 

_ 

Expected a.a. of 
the epitope* 

(a) at core 

R, D/E 

R, D/E 

Y, R 

(b) proximal 

Y, K 

_ 

D/E 

(c) distant 

M, F 

M, F, K, Y 

M, F 


*It is arbitrarily taken that if the retention of activity is <10%, the 
a.a. is at the core (++), 10-75% proximal (+), and >75% away (-) 
from the epitope. 

**A loss of activity resulting from chemical modification is assigned 
to the side chain while the loss of activity resulting from enzymatic 
hydrolysis is assigned to the C-terminal peptide bond. 
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Figure 1. Schematic presentation (not drawn to scale) of the regions 
of the three epitopes identified by a, MAbs 18; b, MAb 20; and c, 
MAb 12; d , Combination of the three overlapping regions of the 
epitopes (hatched) drawn schematically in the hCG p molecule (not 
drawn to scale); e, Structural stabilization of epitope 12 is explained 
on the basis of the schematic representation of the epitopic region 
through disulphide bonds. Solid lines represent the disulphide bridges. 
Single letter codes of amino acids have been used. Amino acid residues 
identified to be at the core region of the epitope have been put in a 
square box, those at the proximity by circle. 


hCG (3 and uses enzyme digestion data as an adjunct, 
as it is well documented that certain regions of hCG 
are not susceptible for tryptic digestion 18,19 . This obser¬ 
vation is supported by our data 14 where we have seen 
that only 12 bonds are hydrolysed by trypsin (of the 
possible 18 as seen by sequence data) even at very 
high concentration of trypsin, and matches with data 
obtained by chemical approaches (13 susceptible 
bonds) 18 ' 19 (Figure 5). Unlike in enzyme digestion where 
the sterical factors can prevent the approach of the 
active site of the enzyme and macromolecular substrate 
(in this case hCG), chemical modifications do not have 
such sterical problems, with most of the chemical 
modification reagents having easy access to the reacting 
amino acids, and hence our primary identification would 
be based on chemical modification data. For instance 
epitope 20 consists of an R&Y at the core of the epitope 
with a D/E in proximity. In addition this region cannot 

have.a methionine or a chymotrypsin susceptible F/Y. 

All the above criteria are met by the region presented 
in Figure \b,2b. Enzymatic digestion data support this 
conclusion because the epitope though inactivated by 
TNM is not inactivated by chymotryptic digestion and 
hence the tyrosine identified should be resistant to 
chymotryptic attack. Likewise, the R residue/s should 
not only be close to Y but should be easily digested 
with trypsin. Infact in hCG there are only 4 digestible 
R residues at R43, R74, R95 and R104 (ref. 19). Of 
these R95 and R43 are close to Y37. Even though Y37 
and R43 are in a sequence, this region has a methionine 
in proximity, and in addition does not have a D/E in 
proximity. Hence R43 as a part of the epitope 20 is 
eliminated. In contrast, Y37 is in proximity with R94/R95 


through the disulphide bonds Cys38-Cys90, also has an 
aspartic acid at D99 brought close by Cys93-Cysl00 
and explains partial inactivation by CDI. R74 and R114 
are digestible by trypsin, but do not have Y and D/E 
in proximity. Thus epitope 20 consists of amino acid 
residues Y37, R94, R95 and D99 brought closer by the 
disulphide bonds Cys38-Cys90 and Cys93-Cysl00. Iden¬ 
tification of the other two epitopes 18 and 12 are based 
on similar logic and is shown in Figure 1 a, 2 a and 1 
c, 2 c respectively. The region of these over-lapping 
epitopes is presented diagrammatically in Figure 1 d. 
The rigidity imposed on this structure by interconnected 
disulphide bonds is obvious and hence explains the 
stability of these epitopes to several chemical and en¬ 
zymatic modifications. 

Such an approach is supported by the observation 
that epitope 12 shows marginal loss of activity on both 
tyrosine and lysine modification. It is seen that these 
residues are 9 residues apart in the nearest route. Con¬ 
sidering that activity is lost (< 10% retention of activity) 
on modification of R and D, these residues are at the 
core region of the epitope. Residues K104 and Y37 are 
outside of the primary interacting/core region by as 
much as 4 residues and hence may have marginal role 
in the interaction with MAb, and hence partial loss of 
activity on modification. It is to be noticed that in the 
case of epitope 12, acetylation which provides a small 
extra group does not result in loss of activity (Table 
2) whereas a larger hydrophobic group like TNBS results 
in a loss of 60% activity (Tables 1 and 2). Thus in 
chemical modification partial losses of activity may be 
a very useful index in identification of epitopes and 
may indicate the proximity of the specific amino acids 
to the primary epitope interacting/core region. It may 
be indicated here that modification of amino group at 
the core region of oe-specific epitope resulted in greater 
than 90% loss in immunoreactivity 14 . In contrast, 
modification of K104 and Y37 proximal to epitope B12, 
showed partial inactivation even at very high concentra¬ 
tion of the modifying agent (Table 1). 

One of the observations which remains unexplained 
on the basis of the above identification method is the 
partial loss of activity of epitope 12 to chymotryptic 
digestion (30% — Tables 1 and 2). This loss is seen both 
in whole hCG as well as in its (3-subunit digestion with 
chymotrypsin, and hence eliminates any role for the 
a subunit for this loss. The very marginal loss of activity 
can be easily explained on the basis of hydrolysis of 
Y82. When the cluster of the epitopes is expressed as 
shown in Figure 1 e, it is seen that epitope 12 has 
contributions coming from 34-38-90-105 sequence through 
disulphides, but the rigid loop structure is slightly disturbed 
by hydrolysis of Y82. This indicates that amino acid 
residues 86-87 may have a small marginal role in epitope 
integrity through sterical stabilization by the closed loop 
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Figure 2. Stick model of epitopic regions of a , 20; b , 18; and c , 
12 obtained through the Insight program using coordinates provided 
kindly by Isaacs. Side chains of amino acids identified by chemical 
modification approach are presented as balls and sticks. Disulphide 
linkages are coloured yellow. Atom colour-code: Red, oxygen; blue, 
nitrogen; white, carbon. 

structure (26-88-90-110), or amino acid residues 86 
and 87 may have a small contributions through their 
side chains for the epitope integrity. In contrast to this 
epitope, others do not have contributions coming from 
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this region as chymotryptic digestion does not cause 
loss of activity of epitopes 18 and 20. 

The cross-reactivity data on the hLH clearly substan¬ 
tiates the epitope identification. Epitope 18 shows almost 
100% cross reactivity and if the sequence is seen, the 
loop 93-100 which is important for this epitope, has 
only one change in the sequence between hCG and 
hLH (T97 vs S97). In contrast, epitope 20 shows virtually 
no cross-reactivity and has three changes in Q89, A91 
and L92 (replaced by R89, G91 and P92 in hLH). It 
is important to notice that a proline in the sequence 
can bring about significant change in the three-dimen¬ 
sional structure of the region. In contrast to these two, 
epitope 12 shows a partial crossreactivity of 10%, and 
has two changes at one end of its domain, (at A91 and 
L92) keeping the other 15 amino acids identical. 

The pattern of loss of activity by chemical modification 
provides additional data about the size of the interacting 
region with its paratope. Thus, epitope 18 has a short 
size probably comprising of only peptide Cys93-Cysl00, 
as modification of K104 and Y37 do not result in any 
activity changes. On the other hand epitope 12, though 
has R95 and D99 as its principle focus extends atleast 
up to Y37 on the N-terminal side and to K104 on the 
C-terminal side as their modification leads to partial 
loss of activity, and extends further at least to some 
extent to the region 72-88 of the sequence. Epitope 20 
again appears to have its focus at Y37 and R95, and 
has the boundary on one side well within K104. However 
the boundary on the N-terminal side cannot be identified 
in this case as this region does not have amino acids 
which can be chemically modified. This region is not 
definitely stabilized by peptide region 72-88 as 
hydrolysis with chymotrypsin does not cause loss of 
activity. However, contributions of peptide chain 26-34 
cannot be ruled out as this region does not contain any 
amino acid which can be modified by chemical/enzymatic 
means. 

Pictorial presentation of the epitopes obtained by the 
analysis of the X-ray crystal coordinates of hCG (kindly 
provided by Isaacs) through the Insight program is 
presented in Figure 2 a-c. It is to be noted that each 
one of the amino acid residues that is identified is 
exposed to the solvent (Figure 3 a) and hence accessible 
to the antibody for combining. The composite epitopic 
region appears as a crevice in the ribbon model (high¬ 
lighted in pink, Figure 3 a) as well as in the CPK 
model (highlighted in yellow, Figure 3 b ). Amino acid 
residues identified by the above method are clustered 
in one region as seen by Figures 3 a, b and together 
form a region of access to the paratope either at the 
crevice seen clearly in Figure 3 a or a region, seen 
clearly in Figure 3 b , which can fit into a crevice of 
the paratope. Considering that the side chain residues 
are projecting towards the solvent, it is likely that the 
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Figure 3. a, Ribbon diagram of hCG p highlighting the composite epitopic region (pink): Side chains of the 
amino acid residues identified by chemical modification are projected in ball and stick model. Atom colour code: 
same as in Figure 2; b. Space filling model of hCG [3. Composite epitopic region is shown in yellow, rest of the 
subunit is coloured blue; c, Space-filling model of hCG aP: Atoms of the a subunit are coloured pink and that 
of P subunit blue highlighting the composite epitopic region in yellow; d, Space filling model of hCG p: Regions 
of the composite epitope are colour coded as follows: Red, R93-D100; green, G101-D105; yellow, Y37-C38-C88-L92; 
The red region corresponds to epitope 18, red and yellow present the epitope 20 and red, yellow and green 
together represent epitope 12. Images are generated using Insight (Biosym) from the coordinates provided kindly 
by Isaacs 50 . 
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region fits into a crevice of the paratope, than the 
paratope fitting into the crevice (Figure 3 b). In fact 
CPK model of the heterodimer (Figure 3 c ) shows that 
a subunit (shown in pink) blocks the crevice implying 
the access of the epitope to the crevice of the paratope. 
Inactivation on chemical modification of side chains 
also indicates to the same conclusion. 

Chemical and enzymatic modification data on whole 
hCG molecule (ap dimer) very closely resembles those 
obtained with hCG(3, indicating that the combination 
of a subunit with the p subunit do not change the 
integrity of these three epitopes. 

Receptor inhibition data demonstrates that MAbs 18 
and 12 fail to bind to receptor~hCG complex as well 
as inhibit the binding of the 125 IhCG to receptors implying 
that 12 and 18 are located at/or close to the receptor 
binding region (data not shown). However MAb 20 does 
not inhibit the binding of the hormone. Data presented 
in Figure 3 a-d in conjunction with the data on the 
epitope analysis (Table 3), indicate that the peptide loop 
Cys93-Cysl00 and the peptide region Cysl00-Hisl06 
are in close proximity to the receptor-binding region 
and may form part of the receptor-binding region of 
hCG. Data obtained by chemical modification, use of 
synthetic peptides in competitive binding studies and 
site-directed mutagenesis 20-22 have indeed identified this 
region as receptor-binding region of hCG. Results ob¬ 
tained recently using chimeric constructs 23 ’ 24 have also 
unequivocally identified 94-114 as the receptor binding 
region. Thus, using this approach it is possible to identify 
the receptor-binding region of a hormone using MAbs 
as probes. These results also suggest that the region 



Figure 4. Kinetics of dissociation of the MAb- I25 IhCG complex. 
Lines a, b, c and d represent the dissociation of the complexes of 
MAbs 20, 18, 12 and PAb (for hCG in sheep) respectively. Initial 
binding of 125 IhCG was 6k, 22k, 45k and 50 kcpm for (a), (b), (c) 
and (d) respectively. 


presented in Figure 1 c/2 c could be a viable synthetic 
substitute for obtaining receptor blocking antisera in 
either in vitro or in vivo systems, and also highlights 
the importance of the disulphide bridges in designing 
synthetic peptide substitutes for proteins in vaccine 
programmes. 

MAb- 125 IhCG complexes show significant dissociation 
of 125 IhCG from the tube. MAb 18 and 20 show higher 
dissociation both at 30 min (40%) and 120 min (55%). 
In contrast, the dissociation of the MAb 12- 125 IhCG 
complex is only 10% at 30 min and 15% at 2h. Based 
on the data provided in Figure 2 it is seen that the 
surface area of interaction of paratope with epitope 20 
and 18 is about half of that of 12. Thus it is possible 
that the area of the epitopic region may have an inverse 
relation with the dissociation rate constant of the com¬ 
plex. Supporting this, MAbs 18 and 20 show a lower 
affinity constant compared to MAb 12. While the data 
provided above are not adequate to come to any con¬ 
clusion, they definitely indicate the feasibility of under¬ 
standing the epitope-paratope interaction in a rigorous 
quantitative manner using SPRIA probe coupled to 
modification studies. 

Data provided so far have clearly shown that this 
method which utilizes the single step SPRIA as a 
quantitative tool for assessing the integrity of the epitopes 
on chemical/enzymatic modifications unequivocally iden¬ 
tify the epitopic regions by simple and direct experimen¬ 
tation, through selection and elimination rather than 
isolation. Virtually all potential epitope-mapping 
strategies using overlapping peptides, Pepscan, com¬ 
binatorial library, random peptide library depend essen¬ 
tially on the principle of peptide synthesis. They 
invariably compare the cross reactivity between peptide 
with protein antisera or protein with peptide antisera 25 " 27 . 
However the reactivity of the peptide depends on assay 
format (solution 28 or solid phase 29,30 ), nature of the earner 
protein chosen for conjugation, differences in the peptide 
accessibility and conformation, resulting in inter- 
pretational uncertainties 31 . In addition, heterospecific and 
nonspecific reactions are not uncommon 32,33 . The inability 
to consider the epitope in native context of the protein 

01 S K^E PLRPRCRPINAILAVEK 

21 EGCPVCITVNTTI CAGYCPT 

41 M T R a V LQGVLPALPQVVCNYR 

61 DVRFESIRLPGCP R a G V N P V V 

81 SYAVALSCQCALCR R A S T S D C 

101 GGPKaDHPLTCDDPR^FQGSSS 

121 S K A A PPPSLPSPSRLPGPSDT 

141 P I L P Q 

^Presents glycosylation sites, and A presents tryptic susceptible 
sites (ref. 17 ). 

Figure 5. Primary sequence of subunit hCG p. 
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limits the possibility of extending these approaches to 
assembled epitopes, as evident from very few successful 
attempts 34-38 . 

Phage libraries displaying random peptides 39,40 are also 
of limited use 41 in mimicking discontiguous epitopes. 
Even the use of constrained peptide libraries is confined 
to identifying loop conformation 39 and mostly 
heterospecific sequences presumed as discontiguous 
epitopes due to the functional similarity 42 . Use of recom¬ 
binant antigens, deletion mutants are often limited by 
the availability of suitable restriction sites, variation of 
expressibility of different regions and production of 
insoluble fusion proteins 43,44 . In addition the folding and 
antigenicity of the recombinant protein is questionable. 
These methods also need an expensive infrastructure 
with molecular biology expertise. 

Approaches based on cross-species comparison using 
homologous protein, escape mutants and chimeric con¬ 
structs have been employed for mapping epitopes 45,46 . 
However, availability of variants or mutants differing 
in the epitopic region limits the general applicability of 
this method. 

Other chemical methods which have been used for 
identification of lysine residues at the epitopic region 
of cytochrome c by protection to acetylation provided 
by MAb 47 , or protection provided by MAbs to tyrosine 
residues of TSH (3 for iodination 12 require pure antigen 
and antibody as prerequisites, and demands an infrastruc¬ 
ture of microsequencing, HPLC, radiolabelling etc. and 
tends to be labour-intensive. In addition the sterical 
constraints are largely neglected. 

X-ray crystallography of MAb-Ag complex is time- 
consuming and cumbersome, requiring a very large 
quantity of pure antigen as well as antibody for crys¬ 
tallization of each MAb-antigen complex and requires 
very specialized infrastructure 11,48,49 . Identification of each 
epitope is a major research task, and is likely to remain 
as an academic challenge, even though this is the only 
method presently available which recognizes the epitope 
in its native conformation. 

All the methods described above, except X-ray crys¬ 
tallography and to a certain extent indirect chemical 
methods, are applicable only for sequence-specific 
epitopes. In peptide synthetic approaches, determination 
of the relative importance of amino acid residues is 
often assessed by ELISA methodology which suffers 
from several theoretical objections for quantification 
(Murthy et al ., unpublished data). These methods would 
also require expensive, elaborate and high tech infrastruc¬ 
ture and are time-consuming. They identify a single 
epitope at a time. Above all, they are not amenable for 
batch method approach. In contrast, the method described 
in this paper is easy, relatively simple and least demand¬ 
ing on the infrastructure of the laboratory. In contrast 
to other approaches, this identifies the region by selection 


and elimination than by isolation/synthesis. A normal 
RIA set up is all that is required, and hence very easily 
adoptable in any laboratory. In addition this method 
identifies epitope in the native context of protein. To 
our knowledge this is the only method which identifies 
the amino acid residues of assembled epitopes using 
MAb culture supernatants in such low amounts (1-2 ml). 
While relative contributions of each of the residues in 
the epitope cannot be quantitated, it is possible in the 
case of hydrophilic residues which are amenable for 
modification, by adopting strategies of systematic quan¬ 
titative approaches. Even in the above data the extent 
of contribution of K104 and Y37 to epitope 12 is 
obtained with no effort, a result almost impossible in 
any other existing method. This method by virtue of 
its batch approaches, uses the same modified derivatives 
in all quantitative assays and hence has the ability to 
identify the finer specificities of MAbs to very closely 
spaced or overlapping epitopes as is well demonstrated 
for epitopes 12, 18 and 20 in this paper. 

The list of the probes by way of chemical modification 
and enzyme digestion used in the study is incomplete. 
Among group-specific modifications, amino groups, car¬ 
boxyl groups and phenolic groups are modified. In 
chemical modification alone there are still modification 
reagents for His, Met, Trp etc. Likewise in enzyme 
digestion other specific proteases like V8 protease, and 
other proteases specific for various other amino acids 
have not been used. In spite of limited use of probes, 
the results of the study are valid. SPRIA can be further 
improved for a better quantitative assessment. Thus if 
more modifying reagents are used and precision of 
SPRIA is improved, this method of epitope analysis has 
the potential to assess quantitatively the role of atleast 
a few amino acids in the integrity of the epitopes, and 
will be in a position to locate the actual interacting 
regions of the epitope with the paratope, as has been 
shown for the epitopes 20, 18 and 12 of hCG p. 
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Acalypha indica, Croton sparsiflorus and Vernonia 
cinerea , that grow around Vigna radiata and Vigna 
mungo fields and exhibit viral symptoms, were tested 
whether they serve as the reservoirs of Vigna yellow 
mosaic virus (YMV), a geminivirus. DNA A of Indian 
cassava mosaic virus (ICMV) was used as a general 
probe and DNA B of ICMV and YMV were used as 
specific probe, ICMV DNA A hybridized intensely to 
DNA from infected V. radiata , V. mungo , A. indica , C. 
sparsiflorus and V. cinerea , indicating that all these 
plants harboured whitefly-transmitted geminiviruses. 
The presence of single-stranded virion DNA and 
double-stranded replicative form in these plants was 
characterized by non-denaturing Southern analysis and 
by nuclease-sensitivity analyses. DNA B of ICMV, a 
specific probe, hybridized only to DNA from infected 
cassava and Acalypha suggesting that the geminiviruses 
that infected cassava and Acalypha are related. DNA 
B of YMV hybridized only to the DNA from infected 
V. mungo and V. radiata but not to the DNA of any 
of the weeds. Our results show that geminiviruses that 
infect the weeds A. indica , C. sparsiflorus and V. cinerea 
are not related to Vigna YMV and do not serve as 
reservoirs of V. mungo YMV. 


The yellow mosaic disease in Vigna radiata (L.) Wilczek 
(mungbean) and Vigna mungo (L.) Hepper (blackgram) 
is a serious problem since all known varieties of these 
plants are susceptible to this disease. The causal agent 
of the yellow mosaic disease was found to be transmitted 
by the whitefly, Bemisia tabaci Genn. and not by 
mechanical means 1 . Infection at an early stage causes 
a very severe loss in yield 2 . The virus causing the 
yellow mosaic disease was first characterized by Honda 
et aL 3 as a geminivirus and was named as mungbean 
yellow mosaic virus (MYMV). It is a whitefly-transmitted, 
bipartite geminivirus that infects primarily V. radiata 
and V. mungo . A Thailand isolate of MYMV (TMYMV) 
has been sequenced and its similarity to other white¬ 
fly-transmitted geminiviruses has been established 4 . 

Field epidemiology of geminiviruses is a complex 
phenomenon. The insect vectors such as whiteflies have 
a highly evolved relationship with a specific group of 


*For correspondence. 


geminiviruses and play a key role in the transmission 
of the viruses between plants 5 . Whiteflies have been 
shown to carry the virions in a transmittable form for 
three days in male flies and ten days in female flies 6 . 

V. radiata and V. mungo are cultivated for one season 
of three months (June to August) in Southern India. 
Mungbean yellow mosaic virus is not seed-borne 2 . This 
raises an important question regarding the survival of 
the viruses during the remaining nine months of non¬ 
cropping season and their subsequent transmission to 
the crops in the next cropping season. Gilbertson et atJ 
performed dot-blot hybridization analysis of a number 
of weeds in Dominican Republic that grew around bean 
fields and exhibited golden mosaic symptoms. General 
geminivirus probes and probes specific to the Dominican 
Republic strain of bean golden mosaic virus (BGMV-DR) 
were used in the analysis. While a majority of the 
tested weeds harboured geminiviruses in general, only 
one weed Rhynchosia minima (L.) Dc. was found to 
harbour the BGMV-DR. Their findings suggested that 
R. minima may serve as a ‘weed reservoir’ for BGMV- 
DR. On similar lines, we selected for analysis four 
weeds, Acalypha indica L., Croton sparsiflorus Morong, 
Sida acuta Burm., and Vernonia cinerea Less, that 
exhibited yellow mosaic or yellow vein mosaic symptoms 
among the weeds that grew around V. radiata and V. 
mungo fields. We investigated the nature of the viral 
genomes in all these weeds to test whether these weeds 
could possibly serve as reservoirs of the V. mungo YMV 
during the off-season period. 

Many methods have been used to evaluate the related¬ 
ness of geminiviruses. Serological studies using ELISA 8 
revealed that the Indian cassava mosaic virus (ICMV) 
is related to Acalypha yellow mosaic virus (AYMV). 
Immunosorbent electron microscopic 9 analysis revealed 
the relationship between African cassava mosaic virus 
(ACMV) and BGMV. Nucleic acid hybridization studies 
using general probes and specific probes were employed 
to evaluate the homologies between three strains of 
BGMV and bean dwarf mosaic virus (BDMV) 7 . 

In the present study, we performed nucleic acid 
hybridization studies to evaluate the genome homologies 
among geminiviruses that infect Vigna , Cassava , 
Acalypha , Croton , Sida and Vernonia . 
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Materials and methods 

Virus-infected plants 

Infected leaves of Acalypha indica L. and Sida acuta 
Burm. showing yellow mosaic symptoms were collected 
from Madurai Agricultural College and Research In¬ 
stitute. Infected leaves of Croton sparsiflorus Morong 
and Vernonia cinerea Less, with yellow vein mosaic 
symptoms and Vigna radiata (L.) Wilczek cv Co5 and 
Vigna mango (L.) Hepper cv. Co5 with yellow mosaic 
symptoms were collected from the National Pulses 
Research Centre (NPRC), Vamban, Tamil Nadu. Infected 
leaves of Manihot utilissima Pohl (cassava) showing 
mosaic symptoms were collected from cultivated fields 
in Salem, Tamil Nadu. The leaves were washed in 
sterile distilled water, blotted dry and stored at -70°C. 
V. radiata and V. mungo plants, germinated and grown 
under tissue culture conditions, were used as uninfected 
controls. 

DNA extraction 

DNA was extracted as described by Covey and Hull 10 . 
The frozen leaves were ground to fine powder using 
liquid nitrogen in a prechilled mortar with pestle. The 
frozen powder was transferred to 30 ml screw capped 
polypropylene tubes. For each gram of frozen powder, 
1 ml of extraction buffer [1% (w/v) of triisopropyl- 
naphthalenesulphonic acid, 6% (w/v) of p-aminosalicylic 
acid, 50 mM Tris-Cl (pH 8.3), 6% (v/v) phenol and 1% 
(v/v) P-mercaptoethanol] was added and mixed well. 
Two volumes of neutral phenol/chloroform were added, 
mixed and centrifuged at 2000 g. The aqueous phase 
was extracted twice with neutral phenol/chloroform. 
Ethanol precipitation of DNA was performed as described 
by Sambrook et al. n . Precipitated DNA was dried in 
a speedvac system and dissolved in TE buffer (1 mM 
Tris-Cl and 0.1 mM EDTA, pH 8.0). DNA used for 
different slot-blot and Southern-blot hybridizations was 
derived from the same set of infected plant tissues. 

Southern hybridization 

DNA concentration was determined by using Hoechst 
dye 33258 in a Hoefer DNA fluorometer (TKO 100) 
as per the recommendations of the supplier (Hoefer 
Scientific Instruments, USA). One microgram of total 
DNA from each of the tissues was run on 1% (w/v) 
agarose gel in TNE buffer (40 mM Tris, 20 mM sodium 
acetate and 2 mM EDTA, pH adjusted to 7.5 with acetic 
acid). After ethidium bromide staining (0.5 pg/ml) the 
DNA was transferred to zeta-probe nylon membrane 
(Bio-rad Laboratories, USA) following alkali-denatura- 
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tion and neutralization 11 and DNA was fixed by UV- 
crosslinking at 0.12 J/cm 2 in a Hoefer UV-crosslinker. 

For performing non-denaturing Southern analysis, the 
gel was not treated with NaOH prior to transfer to 
nitrocellulose membrane (Hybond-C, Amersham, UK). 
DNA was fixed by baking the membrane at 80°C for 
2 h under vacuum. Other conditions were the same as 
used for denatured Southern transfer. Under these con¬ 
ditions, only single-stranded DNA binds to nitrocellulose 
membrane. 

Nucleic acid hybridization analysis was performed by 
the method of Southern 12 . Hybridization with [oc- 
32 P]dCTP-labelled probe was carried out for about 16 h 
and post hybridization washes were done three times 
with 2xSSC and 0.1% (w/v) sodium dodecyl sulphate 
(SDS) at 65°C (each wash for 30 min). Probe DNA was 
radiolabelled with [a- 32 P]dCTP (specific activity, 

II. 1 x 10 13 Bq/mmole, BRIT, Bombay) using a random 
primer labelling kit supplied by Boehringer Mannheim, 
Germany. Konica X-ray films were used for autoradio¬ 
graphy. 

Sensitivity to nucleases 

The nature of the nucleic acids was determined on the 
basis of their sensitivity to SI nuclease, exonuclease 

III, deoxyribonuclease I (DNase I) or RNase A (Type 
II-A). SI nuclease (Pharmacia, Sweden) digestion was 
performed for 30 min at 37°C with 1.5 units/pg DNA 
in 50 mM sodium acetate (pH 4.6), 280 mM NaCl and 
4.5 mM ZnS0 4 . Exonuclease III (Pharmacia, Sweden) 
treatment was done for 30 min at 37°C with 5 
units/pg DNA in 66 mM Tris-Cl (pH 6.8) and 0.66 mM 
MgCl 2 . DNase I (Promega, USA) digestion was per¬ 
formed for 30 min at 37°C with 1 unit/pg DNA in 40 
mM Tris-Cl (pH 7.9), 10 mM NaCl, 6 mM MgCl 2 and 
10 mM CaCl 2 . RNase A (Type II-A, Sigma, USA) 
treatment was done for 10 min at 37°C with heat-treated 
RNase A (0.25 unit/pg of DNA) in lOmM Tris-Cl and 
1 mM EDTA (pH 8.0). All the reactions were stopped 
by adding 0.1 volume of 0.1 M EDTA (pH 8.0). 

Slot-blot hybridization 

Slot-blot analysis was performed using the method of 
Robinson et alP. Total DNA extracted from the tissues 
(1 pg, 0.1 pg, 0.01 pg) was denatured with NaOH at a 
final concentration of 0.1 N for 10 min at room tempe¬ 
rature and neutralized by adding 0.1 volume of 3 M 
sodium acetate, pH 5.0. The nitrocellulose membrane 
(Gibco BRL, USA) was presoaked first in water and 
then in 20 x SSC and blotted dry. Samples were blotted 
on the membrane using a BRL manifold. The membrane 
was baked in a vacuum oven at 80°C for 2 h for fixing 
the DNA. 
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Plasmids used for probe preparation 

Plasmids with DNA A (pICM18) and DNA B (pICM15) 
of Indian cassava mosaic virus (J. Stanley and V. G. 
Malathi, unpublished) were kindly provided by Dr John 
Stanley, John Innes Institute, UK. Plasmid pICM18 has 
the full-length DNA A (2700 bp) as a Hindlll fragment 
in the vector pIC20R and the plasmid pICMIS has the 
full-length DNA B (2700 bp) as a BamBl fragment in 
the vector pIC20R. 

Since the sizes of ICMY DNA A and ICMV DNA 
B are of 2.7 kb and the vector DNA size is also 2.7 kb, 
it was not possible to purify the insert from the vector 
DNA. The plasmids pICM18 and pICM15 were digested 
with Hindlll and BamHl respectively, before probe 
preparation by random primer labelling. Though the 
probe carried the vector as well, the vector did not 
interfere with the analysis by cross hybridization with 
either the plant DNA or the viral DNA. 

The plasmid pKAl containing 1.6 kb fragment and 
pKA4 containing 1.1 kb fragment, which together con¬ 
stitute the DNA B genome of Vigna mungo yellow 
mosaic virus were cloned as Xbal fragments in the 
vector pOK12 (2.1 kb) in our laboratory (Karthikeyan 
et al., unpublished). These two clones (pKAl and pKA4) 
were digested with Xbal and the viral DNA fragments 
(1.6 kb and 1.1 kb) were gel-purified and used for probe 
preparation. 


Results and discussion 
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Figure 1. Detection of geminiviral DNA in infected plants. Slot-blot 
hybridization analysis was done with [a- 32 P]dCTP-labelled ICMV DNA 
A as the probe (the plasmid pICM18 with ICMV DNA A as a Hindlll 
fragment in pIC20R was digested with Hindlll and labelled by random 
primer labelling). Slots: a, pICM18 digested with Hindlll (300 pg); b , 
DNA from uninfected V. radiata (1 pg); c, DNA from infected V . 

radiata-, d, DNA from uninfected V. mungo (1 pg); e , DNA from 

infected V. mungo ; /, DNA from infected cassava; g, DNA from 

infected A. indica; h, DNA from infected C. sparsiflorus ; i\ DNA 

from infected S. acuta and j, DNA from infected V. cinerea. DNA 
from infected plants was added at three concentrations 1 pg, 0.1 pg 
and 0.01 pg to three adjacent slots. Signal at slot A is due to 
hybridization with viral (ICMV DNA A) as well as vector sequences. 


These results indicated that infected V. radiata, V. 
mungo, cassava, A. indica, C. sparsiflorus and V. cinerea 
harbour whitefly-transmitted geminiviruses. Geminivirus 
infection was either low or absent in the S. acuta leaves 
that exhibited yellow mosaic symptoms. 


Detection of geminiviral DNA 

DNA A of all whitefly-transmitted geminiviruses shares 
a high degree of sequence homology in the coat protein 
gene 14 . Therefore, DNA A of ICMV was used as a 
general probe to detect the presence of whitefly-trans¬ 
mitted geminiviruses in Vigna , cassava and four weeds 
exhibiting symptoms of geminivirus infection. DNA B 
of ICMV and V. mungo YMV were used as specific 
probes since the geminiviruses exhibit a high degree of 
sequence divergence in their B DNAs. 

DNA was extracted from the tissue culture-grown, 
uninfected V. radiata and V. mungo seedlings and 
field-collected, infected plants of V. radiata, V. mungo, 
cassava, A. indica, C. sparsiflorus, S. acuta and V. 
cinerea and subjected to slot-blot hybridization analysis 
with ICMV DNA A as the probe (Figure 1). Intense 
hybridization was seen in slots that contained DNA 
from infected V. radiata, V. mungo, cassava, A. indica, 
C. sparsiflorus and V. cinerea. Hybridization was not 
seen in the slots that contained control DNA from 
uninfected V. radiata and V. mungo plants and DNA 
from S. acuta that exhibited yellow mosaic symptoms. 


Characterization of nucleic acids 

The nucleic acids extracted from infected Vigna, cassava 
and the weeds were further characterized to ascertain 
whether they share the features of the genomes of the 
geminiviruses. Nucleic acids extracted from infected 
leaves of cassava, A. indica, C. sparsiflorus, S. acuta 
and V. cinerea were subjected to Southern hybridization 
analysis with ICMV DNA A as the probe (Figure 2). 
Intense hybridization was seen in the 1.8 kb region in 
the lanes with DNA from infected cassava, A. indica, 
C. sparsiflorus and V. cinerea. Hybridization was also 
seen in the 2.7 kb region in the lanes that contained 
DNA from infected cassava and A. indica. The signal 
in the 2.7 kb region was weak in the lane with the 
DNA from infected C. sparsiflorus and was very weak 
in the lane with the DNA from infected V. cinerea. 
Both 2.7 kb and 1.8 kb signals were not found in the 
lane with the DNA from S . acuta. The smear below 
the 1.8 kb band in lanes 2 and 3 in Figure 2 may be 
due to degradation of nucleic acids. 

The nature of the nucleic acids from the infected 
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Figure 2. Southern hybridization analysis of DNA extracted from 
infected weeds. The blot was probed with [oc- 32 P]dCTP-labelled ICMV 
DNA A in pICM18. Each lane contained 1 pg of total DNA extracted 
from infected weeds: (1) Cassava; (2), A. indica ; (3), C. sparsiftorus ; 
(4), $. acuta ; and (5), V. cinerea. 


weeds showing hybridization in the 2.7 kb and 1.8 kb 
regions was analysed further by treating with SI nuclease, 
exonuclease III, DNase I or RNase A and subjecting 
to Southern analysis with ICMV DNA A as the probe 
(Figure 3). The 2.7 kb band was resistant to SI nuclease, 
exonuclease III and RNase A, but was digested by 
DNase I, suggesting that it represents a double-stranded, 
circular DNA, corresponding to the geminiviral replica¬ 
tive form 15 . The 1.8 kb band was resistant to exonuclease 
III and RNase A, but was digested by SI nuclease and 
DNase I in the lanes that contained DNA of infected 
A. indica, C. sparsiflorus and V. cinerea, suggesting 
that it represents the single-stranded, virion DNA. The 
similar 1.8 kb band in the lane with the DNA from 
cassava was resistant to exonuclease III, RNase A and 
SI nuclease (Figure 3) and it did not bind to nitrocellulose 
membrane under non-denaturing Southern analysis with 
ICMV DNA A as the probe (data not shown), indicating 
that it is not the single-stranded virion DNA, but rep¬ 
resents another form of double-stranded DNA. The rela¬ 
tive amounts of single-stranded (1.8 kb) and double- 
stranded (2.7 kb) forms were different in DNA prepara¬ 
tions from different infected plants. We generally find 
higher levels of replicative forms (ds DNA) in young 
leaves and higher levels of virion DNA (ss DNA) in 
older leaves (unpublished). 

Non-denaturing Southern analysis was performed to 
confirm whether the 1.8 kb band represents single- 
stranded virion DNA. Only single-stranded DNA will 
bind to nitrocellulose membrane if the DNA in the gel 
is not denatured with NaOH. Intense hybridization was 



(L. N “ C ' eaSe ;““' tlV " y analyses of nucleic acids extracted from infected weeds. Southern blots were probed with [a- 32 P]dCTP-labelled 
, A m , pK r M '8- Oitegg of total DNA was loaded in each lane. Lanes: 0, untreated; 1, SI nuclease-treated; 2, exonuclease Ill-treated; 
J, DNase I-treated; 4, RNase A-treated. a, Nuclease sensitivity analysis of samples from infected cassava (left half of the panel a) and A. 
indica (right half of the panel a), b. Analysis of samples from infected C. sparsiflorus. c. Analysis of samples from infected V. cinerea. 
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seen at the 1.8 kb region in the lanes that contained 
DNA from infected A. indica , C. sparsiflorus and V. 
cinerea using ICMV DNA A as the probe (Figure 4). 
Hybridization was not observed in the 2.7 kb region 
corresponding to the double-stranded replicative form 
and in the lane that contained cloned, linearized ICMV 
DNA A (lane 1). These results prove that the 1.8 kb 
band in the DNA from the weeds is a single-stranded, 
virion DNA molecule. 

The presence of both single-stranded virion DNA and 
double-stranded replicative form, and hybridization to 
ICMV DNA A confirm that infected A. indica , C. 
sparsiflorus and V. cinerea harbour whitefly-transmitted 
gemini viruses. 


Identification of geminiviral DNA of weeds 

Gilbertson et al? observed that certain weeds may play 
an important role in the epidemiology of geminiviruses 
by acting as reservoirs of the virus during the non-crop¬ 
ping seasons. They found that DNA from many weeds 
growing around the bean fields and exhibiting golden 
mosaic symptoms showed positive hybridization to 
general geminivirus probes (DNA A of BGMV or a 
mixture of DNA A and B). However, DNA from only 
one weed, Rhynchosia minima was found to hybridize 
to a specific probe (DNA B of BGMV-DR). Therefore, 
Gilbertson et al? concluded that R. minima may act as 
a reservoir of BGMV-DR. 

We investigated whether any of the four weeds that 
we studied could serve as weed reservoirs of ICMV or 
V. mungo YMV. DNA B of ICMV and V. mungo YMV 
were used as specific probes to identify whether the 
weeds harbour geminiviruses that are homologous to 
ICMV or YMV. 

DNA was extracted from infected weeds and subjected 
to slot-blot hybridization analysis, using ICMV DNA B 
as the probe (Figure 5). DNA B sequences are highly 
specific and hybridization is expected to occur only 
when the viruses are same or closely related 14 . Intense 
hybridization was seen in the slots that contained DNA 
from infected cassava and A. indica. Hybridization was 
not seen in the slots with DNA from V. radiata , V. 
mungo , C. sparsiflorus , S. acuta and V. cinerea. 

Southern hybridization analysis of DNA from infected 
leaves of cassava, A. indica , C. sparsiflorus , S. acuta 
and V. cinerea was performed with ICMV DNA B as 
the probe to confirm the relationship between the 
geminiviruses of cassava and A. indica (Figure 6). 
Hybridization was seen in the lanes with DNA from 
infected cassava and A. indica in both 2.7 kb and 1.8 
kb regions. These results strongly suggest that the 
geminivirus that infects A. indica is closely related to 
ICMV. It has earlier been reported 8 that ICMV is 
serologically related to Acalypha yellow mosaic virus 
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Figure 4. Non-denaturing Southern blot analysis of DNA from infected 
weeds. The blot was probed with [a- 32 P]dCTP-iabelled ICMV DNA 
A in pICM18. Lane 1, pICM18 digested with Hindlll (contains 2.7 kb 
ICMV DNA A in 2.7 kb pIC20R vector, 500 pg). Each other lane 
contained 1 pg of total DNA from the infected weeds. (2), A. indica ; 
(3), C. sparsiflorus ; (4), S. acuta ; and (5), V. cinerea. 
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Figure 5. Relatedness of geminiviruses of weeds to ICMV. Slot-blot 
hybridization analysis with [a- 32 P]dCTP-labelled ICMV DNA B as the 
probe (the plasmid piCM 15 with ICMV DNA B as a BamHl fragment 
in pIC20R was digested with BamHl and labelled by random primer 
labelling). Slots: a, pICM18 (ICMV DNA A) digested with Hindlll 
(300 pg); b, DNA from uninfected V. radiata (1 pg); c , DNA from 
infected V. radiata ; d , DNA from uninfected V. mungo (1 pg); e, 
DNA from infected V. mungo ; f DNA from infected cassava; g , DNA 
from infected A. indica’, h, DNA from infected C. sparsiflorus ; i, 
DNA from infected S. acuta and j, DNA from infected V. cinerea. 
DNA from infected plants was added at three concentrations 1 pg, 
0.1 pg and 0.01 pg to three adjacent slots. Signal at slot A is due to 
hybridization with vector sequences and common region of ICMV 
DNA A in pICM18. 

(AYMV) and to Croton yellow vein mosaic vims 
(CYVMV). Hybridization analysis with ICMV DNA B 
reveals that ICMV is related to AYMV but not to 
CYVMV. 
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Figure 6. Determination of relatedness of weed geminiviruses to 
ICMV by Southern hybridization. The blot was probed with [a- 32 Pl 
dCTP-labelled ICMV DNA B in pICMIS. Each lane contained 1 ug 
of total DNA from infected plants: (1), cassava; (2), A. indica • (3) 
C. sparsiflorus ; (4), S. acuta-, and (5) V. cinerea. 


To evaluate the relationship between V. mungo YMV 
and the viruses that infect weeds, a slot-blot having 
DNA samples extracted from different infected tissues 
was subjected to hybridization with V. mungo YMV 
DNA B as the probe. Intense hybridization was seen 
in the slots that contained DNA from infected V. radiata 
and V. mungo. Hybridization was not seen in the slots 
with DNA from infected cassava, A. indica, C. sparsi- 
florus, S. acuta and V. cinerea and in the slots with 
DNA from uninfected controls of V. radiata and V. 
mungo. These results suggest that the geminiviruses 
infecting cassava, A. indica, C. sparsiflorus and V. 
cinerea are not related to V. mungo YMV. Through 
serological studies 16 it was suggested earlier that the 
Thailand mungbean YMV (TMYMV) is related to 
BGMV, ACMV and tobacco leaf curl virus (TLCV). 
Our nucleic acid hybridization experiments suggest that 

V. mungo YMV and ICMV are not related to each 
other. 

On the basis of whitefly-transmission studies 17 ’ 18 in 
Uttar Pradesh, India, it was reported that the weeds 
Brachiaria ramosa, Eclipta alba, Xanthium strumarium 
and Cosmos bipinnatus may serve as weed reservoirs 
of mungbean YMV. These weeds do not grow around 
V. mungo and V. radiata fields in the experimental 
stations from where we collected the infected plants. 
Therefore, we could not test by DNA hybridization 
whether these plants serve as weed reservoirs. 

Harrison et al.' 9 reported seven different whitefly- 
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Figure 7. Relationship between YMV of V. mungo and geminiviruses 
of weeds. Slot-blot hybridization analysis with [a- 32 P]dCTP-labelled 
DNA B fragments of V. mungo YMV as probe (1.6 kb Xbal fragment 
of pKAl and 1.1 kb Xbal fragment of pKA4 which constitute the 
DNA B genome of YMV were gel-purified and labelled by random 
pnmer labelling) Slots: a, pICM18 digested with Hindlll (300 pg); b, 
DNA from uninfected V. radiata (1 pg); c, DNA from infected V. 
radiata ; d, DNA from uninfected V. mungo (1 pg); e, DNA from 
infected V. mungo ; /, DNA from infected cassava; g, DNA from 
infected A. indica ; h, DNA from infected C. sparsiflorus ; i, DNA 
from infected S. acuta and j, DNA from infected V. cinerea. DNA 
from infected plants was added at three concentrations 1 pg, 0.1 pg 
and 0.01 pg to three adjacent slots. 


transmitted geminiviruses from India based on serological 
relationships. These are bhendi yellow vein mosaic virus 
(BYVMV), Croton yellow vein mosaic virus (CYVMV), 
Dolichos yellow mosaic virus (DYMV), horsegram yel¬ 
low mosaic virus (HYMV), ICMV, tomato leaf curl 
virus (TomLCV) and Malvastrum yellow vein mosaic 
virus (MYVMV). Although serological relationship 
among these geminiviruses has been established, DNA 
hybridization studies were not performed to evaluate 
homologies between these geminiviruses. We have con¬ 
firmed in this paper the single-stranded virion forms 
and double-stranded replicative forms of geminiviruses 
in infected A. indica and C. sparsiflorus . Besides, we 
are reporting in this paper the characterization of Ver- 
nonia yellow vein mosaic virus, which is a whitefly- 
transmitted geminivirus. It is not related to ICMV and 
V. mungo YMV. 
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Partially oxidized ferrocenyl 
complexes for nonlinear optics 

K. Alagesan, Paresh Chandra Ray, Puspendu Kumar 
Das, and Ashoka G. Samuelson 

Department of Inorganic and Physical Chemistry, Indian Institute of 
Science, Bangalore 560 012, India 

Second-order nonlinearity (P) in a series of partially 
oxidized bisferrocenes linked through conducting - 
C=N- linkages has been measured and found to vary 
linearly with the redox potential difference between 
the ferrocene moiety and the oxidant. 

Designing organic molecules having large optical non- 
linearities has been the topic of much current research 1,2 . 
Organometallic complexes prepared along these lines 
have been found to exhibit large second-order non- 
linearities 3-0 . Indeed, they offer a variety of tunable 
parameters unmatched in the realm of organic chemistry 
such as low energy electronic transitions, variable oxida¬ 
tion states of the metal atom, and electronic and steric 
properties of the ligand for optimizing molecular hy¬ 
perpolarizabilities. The recent discovery of large second- 
order nonlinearity (P) in certain mixed valence 
compounds 6 with a tunable intervalence charge transfer 
transition suggests that there may be considerable poten¬ 
tial for the discovery of large optical nonlinearities in 


mixed valent organometallic molecules. The largest 
second harmonic generation efficiency (220 x U) to date 
for an organometallic compound came from a series of 
ferrocene-based conjugated salts 7 . But their microscopic 
nonlinearities have not been measured. Here we report 
first hyperpolarizability (p) in a series of oxidized bis¬ 
ferrocenes linked through various conducting organic 
spacers, measured by the recently developed hyper- 
Rayleigh scattering technique (HRS) 8 " 10 . 

Ferrocene carboxaldehyde has been linked to aromatic 
amines and diamines to generate mononuclear function¬ 
alized ferrocenes and the corresponding bisferrocenes. 
These molecules are then oxidized using I 2 , 2,3-dichloro- 
5,6-dicyano-l,4-benzoquinone (DDQ) and 7,7',8,8'- 
tetracyanoquinodimethane (TCNQ) to give the products 
indicated in Figure 1. Compounds la-3d have been 
characterized 11 by various spectroscopic and analytical 
techniques and their P values measured in acetonitrile 
with 1064 nm radiation at low solute concentrations 
(10" 5 -10" 6 M) by the HRS technique (Table 1). Since 
these molecules are ionic in nature, the HRS technique 
is specially suited for P measurements on them. The 
error on these hyperpolarizabilities is ± 8%. The 
wavelength of peak absorption in these molecules in 
the visible region is also shown in Table 1. For com¬ 
pounds absorbing appreciably in the green (~ 532 nm) 
corrections were made as suggested by Laidlaw et al. 6 
and corrected values of P are listed. 
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The nonzero and small (3 value of ferrocene (la) is 
probably due to octupolar contributions from the non- 
centrosymmetric eclipsed form which exists along with 
the staggered D 5d conformation in solution. However, 
the size of the n system along which the electrons are 
delocalized is small and results in a low (3 value. 
Attaching a pendant acceptor to ferrocene results in a 
donor-acceptor motif (2a) and (3 increases moderately 
as expected. What is surprising is that P increases further 
by a factor of ca 1.5 when another ferrocene is attached 
to the benzene ring through a similar Schiff base linkage 
resulting in a donor-acceptor-donor D-A-D motif (3a). 
Considering that the -C=N- linkage acts as an acceptor 12 , 
2a is in fact, a D-A-D and 3a, a donor-acceptor-donor- 
acceptor-donor (D-A-D-A-D) system. Alternating the 
D-A motif appears to be suitable for nonlinear optics 
(NLO) in the neutral molecules, unlike alternating pen¬ 
dant donors and acceptors on the n framework. 
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Figure 1. Structures of the neutral and oxidized ferrocene. 


Table 1. The second-order nonlinearity (x 10 -30 esu), relative 
redox potential, AE 1/2 (V), the absorption maximum X max (nm), and 
absorbance at 532 nm e 532 (x 10 3 M' 1 cm -1 ) of compounds la-3d 


Compound 

p 

AEi/2 

^max 

E 532 

la 

0.8 

_ 

380 

_ 

lb 

2.8 

0.30 

420 

_ 

lc 

4.6 

0.20 

470 

1.2 

Id 

5.9 

-0.13 

580 

0.8 

2a 

14.2 

- 

460 

_ 

2b 

111.2 

0.08 

550 

1.2 

2c 

121.6 

-0.03 

567 

2.6 

2d 

132.0 

-0.36 

589 

0.6 

3a 

20.8 

_ 

465 

_ 

3b 

161.0 

0.18 

556 

1.6 

3c 

201.0 

0.08 

572 

1.1 

3d 

246.0 

-0.25 

588 

0.8 

70 


On the basis of cyclic voltametry, Mossbauer and 
other spectroscopic data 11 , we believe that the bisfer- 
rocene moiety (3a) is unique in the ability of the two 
iron centres to interact electronically. A recent report 12 
on similar functionalized ferrocenes supports this view 
that the -C=N- linkage, indeed, allows for greater 
electronic conjugation. Extended Hueckel calculations 
on these complexes show that the highest occupied 
molecular orbital is delocalized over the two iron centres 
in 3a. Oxidation of all the neutral compounds results 
in a tremendous increase in the p values. The measured 
P values for the partly oxidized complexes are an order 
of magnitude greater than those for the corresponding 
neutral molecules. Since the oxidizing ability varies in 
the order TCNQ < DDQ < I 2 , and the measured hyper¬ 
polarizabilities of the complexes follow the reverse order, 
we have examined the electrode potentials (AE 1/2 ) for 
the redox reactions. A remarkable correlation is obtained 
between the AE 1/2 and P (Figure 2). As AE 1/2 decreases 
in the positive sense, the free energy for electron transfer 
from the bisferrocene moiety to the acceptor decreases 
and only a charge transfer complex is formed. But this 
is accompanied by an increase in p. Since the ferrocene 
donors have low hyperpolarizabilities, the origin of the 
large P values must lie elsewhere in the partially oxidized 
complexes. It appears that the nonlinearity in these 
complexes results from differential electron transfer from 
the bisferrocene moiety to the oxidant in the ground 
and excited states, resulting in a significant change in 
the dipole moment between the two states. In other 
words, in the excited state the ability of the oxidized 
bisferrocene donor to accept an electron leads to a 
reversal in the direction of charge transfer leading to 
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01 _ 1 _ 

- 0-50 -025 
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Figure 2. p (10- 30 esu) vs AE 1/2 (V) for compounds 2b-d and 3b-d. 
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a large 5j i and hence large second-order nonlinearities 
result in these complexes. 

The 460 nm band in the neutral ferrocenes is attributed 
primarily to a d-d transition which shifts to ~ 550 nm 
on oxidation. The absorption band extends up to ±50 
nm around A, max and this may contribute to the resonance 
enhancement of p through a two-photon mechanism. In 
the case of complexes containing TCNQ and DDQ, this 
band may also originate from TCNQ" or DDQ" respec¬ 
tively. Although the A, max correlates linearly with p, no 
straightforward correlation between the absorbance at 
532 nm (b 532 ) and the measured P is observed. These 
molecules do not absorb at - 1064 nm unlike the mixed 
valence ruthenium complex 3 and, therefore, a single 
photon dispersion in p is ruled out. 

In summary, we have clearly demonstrated that par¬ 
tially oxidized ferrocenes formed by matching the redox 
potentials of neutral ferrocene moieties and an oxidant 
represent an entirely new class of complexes which 
exhibit large first-order hyperpolarizability, p for the 
corresponding neutral ferrocenes is, at least, an order 
of magnitude smaller than the ionic compounds and 
comparable to other ferrocenyl compounds studied in 
the past. Since a huge library of metallocenes and their 
oxidation potentials exist it is possible to design better 
partially ionic NLO materials based on the above 
guidelines. We are currently investigating this. 
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Occurrence of fluoride in the ground- 
waters and its impact in Pedda- 
vankahalla basin, Bellary District, 
Karnataka—A preliminary study 

B. K. Wodeyar and G. Sreenivasan 

Department of Studies in Geology, Karnatak University, 

Dharwad 580 003, India 

Human diseases associated with excess consumption 
of fluoride through drinking water and food grains 
have been observed in many localities in Pedda- 
vankahalla basin. Fluorosis is severe in the part of 
the basin covered by black cotton soil which is under 
intensive irrigation, comprising six villages. Dental 
hypoplasia has been noticed in a few villages. We 
discuss here probable source of fluoride, causes for 
its concentration and suggest possible remedial 
measures. 

Of the many natural geochemical substances contaminat¬ 
ing groundwater, fluoride is most hazardous. Fluoride 
occurs in minor quantities in groundwater but evokes 
considerable interest due to its unique character as 
regards to its impact on physiological system of living 
beings. This is because very low doses (< 1.5 mg/1) of 
it promote decay of teeth, whereas when consumed in 
the ranges > 1.5 mg/1 causes fluorosis and related dis¬ 
eases 1 . Preliminary study of the groundwaters of Ped- 
davankahalla basin, Bellary district (15°05'-15°35 / N; 
76°45'-77°05'E) has indicated presence of fluoride in 
excess of permissible limits in many villages (Figure 
1). However, fluorosis is more severe in six villages, 
viz. Hosahalli, Hagaluru, Karuru, Daruru, Bhairapuram 
and Koralgondi. 

Water samples (34 groundwater and 4 surface water) 
were collected from Bellary and adjoining villages and 
analysed for their EC, pH, Ca, Mg, Na, K, HC0 3 , C0 3 , 
Cl, S0 4 , F, and TDS using standard chemical analytical 
methods 2 . Fluoride was determined by using an ion 
selective electrode (models 94-09 and 96-09) with 720 
pH/ISE meter (Orion, USA) and the results are presented 
in Table 1. The analytical results 3 indicate that the 
groundwaters are weak-to-moderately alkaline and have 
high concentrations of Na, Cl and TDS. In 22 
groundwater samples (64% of the total samples covering 
18 villages), fluoride concentration exceeds the permis¬ 
sible limits for drinking water prescribed by ISI and 
WHO 4 ’ 5 (Table 2). 

The comparison of fluoride concentration of ground- 
waters from the shallow dugwells and deeper borewells 
from the same location has indicated that the deeper 
aquifers have higher concentration of fluoride than the 
shallow aquifers. 

Gneisses, granites and hornblende schists are the major 
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Figure 1. Location map of Peddavankahalla basin. 


lithounits of the area. The sources for fluoride in the 
groundwaters of this area appear to be the fluoride¬ 
bearing minerals, viz. apatite (0.4-1.6% of the mode), 
hornblende (20% of the mode) and biotite (0.5-5% of 
the mode) 3 (Table 3). 

In this region, high degree of weathering and easy 
accessibility of circulating waters to the weathered rocks 
due to intensive and long time irrigation are responsible 
for the leaching of fluoride from their parent minerals 
present in soil and rocks. Further concentration has been 
brought about due to the arid climate of the region and 
long residence time of groundwater in the aquifer. 

The influence of local lithology and soil, aided by 
other factors like very low freshwater exchange due to 
arid climate of the region (average daily temperature 
28°C and average annual rainfall 478 mm) is responsible 
for higher concentration of fluoride in the groundwater 
of the region. 

72 


The amount of water and consequently the amount 
of fluoride ingested by living beings is primarily in¬ 
fluenced by air temperature 67 . According to the USPHS 
temperature range classification 8 , the study area lies in 
the range of 25-32°C for which the stipulated upper 
permissible limit of fluoride is 0.8 mg/1. Fluoride con¬ 
centration in groundwater from most villages of the 
region exceeds this upper limit. Therefore, the people 
from most villages of this region are highly susceptible 
to the attack of fluorosis any time in future. 

Fluorosis is more severe in the canal-irrigated black 
cotton soil covered area, indicating that in addition to 
climate, circulation of water by means of irrigation 
(which aids in leaching of fluoride from soil and 
weathered rock zone) appears to be a major cause for 
excess concentration of fluoride in groundwater, and 
further detailed study on this aspect is under progress. 

The pH of the circulating waters is a factor which 
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Table 1. Concentration of fluoride in the 
groundwater and surface water of the study area 


Sample 

no. Location 

Fluoride (mg/1) 

Groundwater 

1. Buduguppa 

6.80 

2. 

Gosabalu 

1.60 

3. 

Karuru 

3.60 

4. 

Karuru 

2.20 

5. 

Bhairapuram 

5.90 

6. 

Bhairapuram 

1.90 

7. 

Daruru 

1.40 

8. 

Hagai uru 

7.80 

9. 

Hosahalli 

6.60 

10. 

Chananahalu 

0.65 

11. 

Handihalu 

2.70 

12. 

Gudaduru 

0.41 

13. 

Sanavaspuram 

2.50 

14. 

Sindigeri 

2.60 

15. 

Gopalpuram. C 

0.71 

16. 

Kagallu 

2.50 

17. 

Dammuru 

1.60 

18. 

Koluru 

1.20 

19. 

Koralgondi 

Erratic 

20. 

Jalibenchi 

3.50 

21. 

Vaddehatti 

0.76 

22. 

Ereyingalgi 

0.33 

23. 

Kudatini. R.S 

1.30 

24. 

Venivirapuram 

2.10 

25. 

Kolagallu 

1.60 

26. 

Allipuram 

0.58 

27. 

Bell ary 

1.80 

28. 

Haraganadona 

1.50 

29. 

Janikunta 

2.80 

Surface water samples 

30. P.V. Halla (Buduguppa) 

0.46 

31. 

P.V. Halla (Hagaluru) 

0.93 

32. 

P.V. Halla (Kagallu) 

0.30 

33. 

P.V. Halla (Gudaduru) 

0.43 

Groundwater samples 

34. Kudatini 

1.20 

35. 

Venivirapuram 

2.50 

36. 

Koralgondi 

2.00 

37. 

Jalibenchi 

4.40 

38. 

Siddammanahalli 

2.60 


Analyst: G. Sreenivasan. 


Table 3. Modal percentage of fluoride-bearing minerals in 
dominant rocks of the area 


Fluoride- 

bearing 

minerals 



Modal 

percentage 


R 9 

R 26 

R 31 

R 36 

RC 42(a) 

RC 42(b) 

Apatite 

0.8 

0.4 

0.5 

1.3 

1.6 

1.5 

Biotite 

5.4 

Ab 

0.4 

0.1 

0.5 

Tr 

Muscovite 

Ab 

0.8 

Ab 

Ab 

Ab 

Ab 

Hornblende 

Tr 

Ab 

Tr 

20.4 

Tr 

Tr 


Note: R 9, Grey granite; R26, Pink granite; R 31, Gneissic granite; 
R 36, Gneiss; RC 42(a), Gneissic granite; RC 42(b), Gneissic granite; 
Ab, absent; Tr, Trace. 


controls the leaching of fluoride from the fluoride-bearing 
minerals. The correlation study made and the scatter 
diagrams plotted on this basis (not presented here) have 
brought out a positive correlation between the pH and 
fluoride concentration, indicating that higher alkalinity 
of the waters promotes the leaching of fluoride and 
thus affects the concentration of fluoride in the 
groundwaters. 

An urgent need of the region is to take up a detailed 
diseased victims populistic survey and providing fluoride- 
free drinking water. As far as possible, the intensive 
irrigation in black cotton soil-covered region should be 
minimized by adopting efficient irrigation techniques. 

Many defluoridation techniques have been proposed, 
of which the Nalgonda technique proposed by the NEER1, 
Nagpur 9 , is cheaper and simple. It involves addition in 
sequence, bleaching powder, lime and alum to the water. 
This technique can be easily adapted by villagers at 
domestic level. In addition to this, the villagers should 
be educated about the hazards of consumption of fluoride- 
bearing water and use of simple methods of defluorida¬ 
tion. 


1. Handa, B. K., Proceedings of the Symposium on Fluorosis, 1974, 
vol. 33, pp. 317-325. 

2. Standard Method for Examination of Water and Waste Water , APHA, 
New York, 1980, 15th edn. 

3. Sreenivasan, G., unpublished M Phil Dissertation, Kamatak University, 
Dharwad, 1993. 

4. Indian Standard Specification for Drinking Water, 1ST, 1983, IS: 
10500. 

5. International Standards for Drinking Water , WHO, Geneva, 1971. 

6. Dregne, H. E., Symposium on Water Supplies for Arid Regions, 
Arizona, 1967. 


Table 2. Comparison of fluoride content of the groundwaters of the study area with Drinking Water 

Standards 



ISI (1983) 

WHO (1971) 

No. of samples 
exceeding 
permissible limits 

% to the 
total no. of 
samples 

Constituent 

Highest 

desirable 

Maximum 

permissible 

Highest 

desirable 

Maximum 

permissible 

Fluoride 

0.6-1.2 

1.5 

0.5 

1.5 

22 

64* 


*Percentage excludes surface water samples. 


CURRENT SCIENCE, VOL. 70, NO. 1, 10 JANUARY 1996 


73 


RESEARCH COMMUNICATIONS 


7. Richards, L. F., et al, J. Am. Dental Assoc., 1967, 75. 

8. US Public Health Service Publn, 1962, 956, 61. 

9. Nawlakhe, W. G. and Paramasivam, R., Curr. ScL, 1993, 65, 743-748. 

ACKNOWLEDGEMENTS. We thank Prof. M. S. Jagathesan, Depart¬ 
ment of Geology, A.C. College, Madras for his help in fluoride analysis 
of water samples. GS is grateful to the authorities, Kamatak University, 
for the award of University Research Studentship. 

Received 1 October 1994; revised accepted 13 November 1995 


Australasian microtektites from the 
Central Indian Basin: Implications 
for ejecta distribution patterns 

M. Shyam Prasad and M. Sudhakar 

Geological Oceanography Division, National Institute of Oceanography, 
Dona Paula, Goa 403 004, India 

Microtektites belonging to the Australasian tektite 
strewn field have been recovered in one (SK-16/176) 
out of three cores examined from the Central Indian 
Basin. The microtektites have been identified based 
on their physical appearance, stratigraphic position, 
chemical composition and geographic occurrence. 
Their chemistry reveals that among the analysed 
specimens, a majority belong to the ‘normal’ 
microtektite clan, one has a high Mg (HMg) com¬ 
position shown by bottle green microtektites, and 
some have an intermediate composition. The absence 
of microtektites in the other two cores (SK-16/183 
and F-2/88B) could be because of the small area of 
coverage by sediment coring. Therefore, given the 
vastness of the Australasian tektite strewn field, many 
more microtektite locations have to be identified in 
order to arrive at a microtektite distribution pattern. 

Tektites, which are glassy ejecta generated by impacts, 
are distributed in large geographic domains called strewn 
fields. Four such tektite strewn fields occurring in four 
different geologic and geographic areas are known 1 , 
Microtektites are small (< 1 mm) glasses found only in 
the oceans. In three of the four strewn fields, microtektites 
are present, not only are the boundaries of the strewn 
fields determined by their occurrence in the oceans, but 
also mass calculations of the ejecta are carried out 2 . 
The youngest and also the largest strewn field is the 
Australasian tektite strewn field encompassing almost 
the entire Indian Ocean, the land masses from Indochina 
to Tasmania in the south and also parts of western 
Pacific Ocean (Figure I), comprising of a mass of 10 9 
tons of tektite material 3 . Since the time when Australasian 
microtektites were first discovered by Glass 4 (identified 


based on their physical properties, stratigraphy, 
geographic location and chemistry) up to 1979, out of 
the 100 deeepsea cores examined, microtektites were 
found in 33 (ref. 3). At present there are over 40 
Australasian microtektite occurrences known 5 . Based on 
their pattern of occurrence, a possible ray-like distribution 
was suggested 6 . With the discovery of an iridium anoma¬ 
ly 7 , and shocked minerals 6 , associated with the 
Australasian microtektite layer, the impact origin of this 
strewn field is established beyond doubt. 

We report here the recovery of Australasian microtek¬ 
tites in one out of three cores investigated which we 
suggest has significance for the Australasian microtektite 
distribution. 

We examined three deep sea cores, two of which 
were collected during the 16th Cruise of ORV Sagar 
Kanya (SK-16/176 Core length: 3.75 m; Lat. 14°003'S, 
Long. 74°046'E; and SK-16/183 Core length: 4.6 m; Lat. 
6°010'S, Long. 76°E) and the third core from the second 
cruise of MV Farnella (F-2/88B Core length: 0.88 m; 
Lat. 12°43'S, Long. 77°03'E), (Figure 1). All the cores 
were previously dated by radiometric 8 and biostrati- 
graphic methods 910 , and have ages which extend beyond 
the 0.77 Ma age of the Australasian strewn field. The 
cores were sub-sampled at 3 cm interval up to 52 cm 
core depth, further below at 10 cm interval for SK- 
16/176; at 5 cm interval for F-2/88B, and up to 100 cm 
depth for SK-16/183 and, below 100 cm for the latter, 
the sampling interval was 10 cm. The sub-samples were 
dried, weighed and wet sieved in a 63 pm mesh sieve 
and the dried coarse fraction was further dry sieved in 
250 and 125 pm sieves. The > 250 pm fractions were 
scanned using a binocular microscope having a mag- 



Figure 1. The Australasian tektite strewn field. The dotted lines show 
boundaries. of the strewn field indicating a possible ray-like pattern 
of distribution 6 . The locations of the three cores (SK-16/176, SK-16/183 
and F-2/88B) in this study are marked. The cross marks in the land 
masses indicate tektite occurrences, the dots in the oceans microtektite 
occurrences, the squares in the oceans indicate tektite occurrences. 
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nification up to 40 x directly, whereas the > 125 pm 
fractions were further separated by heavy liquids wherein 
the radiolarian shell material was floated, and the resul¬ 
tant heavy fractions were then dried and searched for 
microtektites. 

Microtektites were recovered from the core SK-16/176, 
11 of which were mounted in epoxy, ground and polished 
and the chemistry for a minimum of 3 spots per specimen 
was determined with a Cameca CAMEBAX Model 571 
electron probe microanalyser using silicate and oxide 
standards and online corrections were made by using 
the method of Bence and Albee 11 . A synthetic tektite 
standard (USNM 2213) made by Corning Glass Com¬ 
pany, analysed by the USGS was also mounted, polished 
and analysed for comparison. Scanning electron micro¬ 
scopy was done with a JEOL 100 CX electron micro¬ 
scope. 

The peak microtektite abundance in the core SK-16/176 
was found between 13 and 16 cm (Figure 2). Given the 
0.77 Ma age of the Australasian strewn field 12 , this 
horizon should occur much deeper in the core for the 
sedimentation rates of 2-3 m/Ma in this area 13 . However, 
from the multi-beam seafloor mapping in this area 
carried out by the NIO we found that the location of 
SK-16/176 is at the flank of an abyssal hill where the 
chances of either slumping or enhanced bottom current 
activity are possible and therefore could cause sediment 
removal. Also, Borole 8 observed an absence of 230 Th 
excess in this core which was attributed to the lack of 
sediment deposition in this area caused by the Antarctic. 
Bottom Waters. Furthermore, Gupta 10 reported the first 
appearance datum (FAD) of Collosphaera Orthoconus 
(FAD 0.65-0.70 Ma) within the top 20 cm. Therefore, 
it appears that the top ~ 2 m of sediment in this core 
has been removed by bottom currents at this location. 

NO. OF MICROTEKTITES 

O 10 20 30 4 0 50 60 70 8 0 

0 n I_l_I_I-1-1-1-1-1 



Figure 2. Downcore abundance of microtektites in SK-16/176. Core 
length is 375 cm. 


The stratigraphic record further below was however, 
found to be in proper chronologic sequence 10 . 

In F-2/88B, which has a core length of only 90 cm, 
a hiatus of ~ 200 ka was observed between 0.4 and 
0.6 Ma (ref. 9), and the extrapolated Australasian micro¬ 
tektite horizon should occur at 45-50 cm core depth. 
Borole 8 dated SK-16/183 and F-2/88B radiometrically 
by 230 Th excess method and the sedimentation rates 
calculated were 0.8 mm/ka and 2 mm/ka, respectively. 
At these rates, for the 0.77 Ma age of the Australasian 
tektite strewn field 12 , the peak microtektite horizon should 
occur at a core depth of 60 cm in SK-16/183. However, 
microtektites were not found in both F-2/88B and 
SK-16/183, the reason could be the meagre ocean floor 
area sampled by sediment corers. 

Microtektites have been found only in SK-16/176. 
More than 90% of the microtektites are spherical, how¬ 
ever, dumbbells and disc-shapes are also observed 
(Figure 3). The smallest specimen observed was 110 pm, 
the largest 980 pm and, 75% of the microtektites were 
in the size range 125-250 pm. The colour of the 
specimens varied from honey-coloured, light yellow, 



Figure 3. SEM images of microtektites in SK-16/176. a. Spherical, 
slightly corroded microtektite; b , A dumbbell-shaped microtektite. Scale 
bar = 50 pm. 
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Table 1. Chemical composition of microtektites in SK-16/176 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12* 

13 f 

Si0 2 

66.7 

64.6 

71.2 

73.2 

70.7 

66.9 

70.7 

71.2 

61.8 

68.5 

53.8 

49.6-77.0 

72.0 

A1A 

16.4 

15.5 

13.6 

12.9 

13.9 

16.7 

14.1 

16.0 

19.4 

15.6 

20.7 

7.5-22.1 

13.6 

FeO 

6.3 

7.8 

5.9 

5.3 

5.5 

5.0 

4.5 

3.9 

6.1 

5.8 

6.8 

3.0-8.1 

4.9 

MgO 

4.2 

6.4 

3.7 

3.6 

4.5 

5.7 

5.6 

3.0 

6.0 

4.8 

12.0 

1.9-17.1 

2.4 

CaO 

3.2 

3.3 

2.4 

2.7 

2.9 

3.6 

3.1 

3.5 

4.2 

3.1 

5.0 

1.0-5.8 

3.6 

K 2 0 

1.1 

1.0 

1.4 

1.2 

1.1 

0.7 

0.8 

1.0 

0.9 

0.9 

0.4 

0.1-3.7 

1.9 

Nap 

0.3 

0.3 

0.5 

0.4 

0.5 

0.3 

0.3 

0.3 

0.4 

0.3 

0.3 

0.2-2.8 

0.6 

Ti 2 0 

0.8 

0.9 

0.6 

0.6 

0.7 

1.0 

0.8 

0.8 

1.0 

0.8 

0.9 

0.5-1.0 

0.8 

Total 

99.1 

100.0 

99.9 

100.0 

99.9 

100.9 

100.0 

99.8 

99.9 

99.9 

100.0 




*Compositional range of Australasian microtektites from Cassidy et al} 5 . 
f Average Australasian microtektite composition from Glass 16 . 


yellowish green to opaque white. The microtektite abun¬ 
dance estimates were made by the method suggested 
by Glass and Zwartz 14 , and the calculated abundance 
here is 62 microtektites/cm 2 . In the Central Indian Basin 
the abundance values reported 6 for 7 microtektite-bearing 
cores varies from 20 to 106 microtektites/cm 2 , with an 
average of 58. Our abundance values are close to the 
average. 

The silica content varied from 53.8 to 73.3% Si0 2 
(Table 1). The major oxide percentages fall within the 
compositional range determined for the Australasian 
microtektites 15 . All the microtektites analysed have MgO 
contents higher and Na 2 0 and K 2 0 lower than that of 
the average Australasian microtektite 16 (Table 1). One 
specimen (no. 11 in Table 1) has low Si0 2 and very 
high MgO contents. 

Based on their compositions, Australasian microtektites 
are either ‘normal’ or bottle-green (HMg), where the 
HMg microtektites have a higher refractive index (RI) 
and specific gravity (sp. gr.) and higher MgO for a 
given Si0 2 (ref. 15). Further, the HMg microtektites are 
characterized by higher ferro-magnesium contents 
(Mg/Mg + Fe) and low Na 2 0 and K 2 0 contents compared 
to the normal microtektites 17 . In a plot of MgO vs Si0 2 
(Figure 4 a) we found two microtektites falling in the 
HMg zone, two in a zone overlapping between the 
normal and HMg areas, and the other 7 microtektites 
from this station plotted in the normal zone. In the plot 
for Mg/(Mg + Fe) (Figure 4 b) we observed one microtek¬ 
tite clearly plotting in the HMg area, and one specimen 
along the border between the HMg and an intermediate 
zone between the normal and the HMg zones. Two 
microtektites are observed to have a composition inter¬ 
mediate between the HMg and normal, and the others 
occur along with the normal microtektites. Cassidy et 
al. 15 and Glass 18 found that apart from the normal and 
HMg microtektites, a sub-group of yellow-green 
microtektites occur ubiquitously which have an inter¬ 
mediate composition between these two major groups. 
Specimens having high RI and of intermediate composi¬ 
tions were also identified recently by Prasad 19 . We have 


not come across a bottle-green microtektite in our study, 
and the specimen no. 11 (Table 1) is a honey-coloured 
sphere of 175 |im size, having a rough surface texture, 
which has high Mg, Al and low Si, Na, K. 

The microtektites found in SK-16/176 occur within 
the geographic limits of the Australasian tektite strewn 
field 6 (Figure 1). The chemical composition of the eleven 
microtektites analysed in this study also falls well within 
the compositional range of the Australasian micro¬ 
tektites 15 . Therefore, by geographic location, age, physical 
appearance and chemical composition, the microtektites 
presented in this study are suggested to belong to the 
Australasian tektite strewn field. Glass and Wu 6 suggested 
the distribution of shocked minerals and microtektites 
from > 40 sites in the Indian Ocean and the western 
✓Pacific Ocean to represent possible ejecta rays (Figure 
1). Prasad and Rao 20 also suggested the occurrence of 
the flanged button in the Central Indian Basin to belong 
to an ejecta ray in ocean. The location of all the three 
cores examined in this study is situated within the ray 
and in the proximity of the flanged button in the Indian 
Ocean (Figure 1). However, microtektites are found only 
in one of the three cores investigated. This is not 
surprising considering sediment coring covers only a 
few cm 2 of the ocean floor, the large aerial extent of 
this strewn field (50xl0 6 km 2 ), and the great distance 
from the suggested source crater. 

It is agreed by most workers in the field that the 
source for the Australasian strewn field is in Indochina 
(eg. refs 21,22). Moore et al 23 proposed that the average 
radius of continuous ejecta (R ce ) surrounding craters of 
radius R is 

R ce = (2.3+ 0.5 )R um . 

Beyond the continuous blanket the ejecta would be 
discontinuous and farther away from the craters it would 
be in the form of lenses and patchy. The locations of 
the samples in this study are at a distance of -3000 
km from the Indochina region and, considering the 
approximate estimate size of the source crater for the 
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Fe + Mg 

Figure 4. a, Plot of MgO vs Si0 2 weight percentages. ‘BGM’ refers 
to bottle-green microtektites, and ‘normal’ refers to normal microtektites 
(data from Cassidy et al. 15 ; Glass 18 ). The square hatched portion of 
overlap between normal and BGM forms an area of intermediate 
composition, b. Plot of Mg vs (Fe + Mg) weight percentages. Dot in 
circle indicates data from the present study, the triangles are normal 
microtektites 15 and the stars refer to bottle-green microtektites 18 . 

Australasian strewn field in the vicinity of 17 km (ref. 
24), the ejecta distribution here should be patchy. For 
the area of cross section sampled in each core (~4cm) 
the absence of microtektites in two of the cores studied 
could be due to the expected patchy ejecta distribution 
at this distance from the source crater and also due to 
the small area of cross section sampled. 


The area of cross section examined in each core to 
delineate microtektite occurrences by Glass 25 is ~ 4 cm. 
The large area of the Australasian strewn field was 
arrived at after examining a hundred cores by Glass et 
al. 3 wherein the total area of the ocean floor sampled 
was about > 400 Cm 2 . Keeping in view the above, and 
the distance from the source area shown by the spread 
of Australasian microtektites many more microtektite 
occurrences have to be discovered in order to confirm 
the existing microtektite distribution pattern. 
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Simultaneously isolating chloroplast and mito¬ 
chondrial DNA was made from higher plants 
(monocotyledonous or dicotyledonous). The procedure 
is rapid, requiring about 6 h to complete; relatively 
inexpensive, requiring no ultracentrifugation or 
column chromatography, and broadly applicable. The 
DNA isolated is of high quality, readily cleaved with 
restriction enzymes, and efficiently cloned into plas¬ 
mid vectors. This procedure should prove useful to 
researchers studying plant organellar DNA as a tool 
in evolutionary, taxonomic or genetic analysis. 


A prerequisite to study plant organellar DNA is develop¬ 
ing an efficient procedure to isolate chloroplast (cp) 
and mitochondrial (mt) DNA of high quality. The pro¬ 
cedure should be applicable to many species, relatively 
inexpensive, rapid, with reasonable yields. One of the 
most important factors in judging the efficiency of such 
procedures is the quality of the DNA obtained. The 
organellar DNA so obtained must be relatively free 
from contaminating nuclear DNA and must be of suf¬ 
ficient purity so that it can be cleaved readily by 
restriction endonucleases and cloned. 


Classical approaches to purifying cp- or mtDNA hav 
been using a combination of DNase treatments on isolate, 
organelles and multiple centrifugations, sometimes in 
eluding a CsCl density gradient ultracentrifugation step 
hese approaches are time-consuming and expensive. 1 
was reported that the successful isolation of cpDNZ 
from pea was possible in a high ionic strength buffe 
without DNase treatment or density gradien 
ultracentrifugation, but with a column chromatograpl 
s ep . We have developed a procedure with which w< 

can raptfiy isolate both cp _ and mtDNA from a]falf , 

C Medicago saliva L.), a dicotyledonous plant species 
sorghum [Sorghum bicolor (L.) Moench] and whea 
(Tnticum aestivum L.), both monocotyledonous crot 
species. The procedure does not require columr 
chromatography and can be completed in about 6 h. 

Plants of alfalfa, sorghum and wheat were grown in 
greenhouses or growth chambers and leaves were har¬ 
vested and incubated overnight in darkness at room 
emperature {22°C) in covered containers. Three grams 
of alfalfa leaves o, 30 g of sovgtam and whea, leaves 

i ' e p ‘; ceJ !" 5 10 10 volumes of ice-cold homogenize- 
hon buffer (50 mM Tns at pH 8, 25 mM EDTA, 10 mM 


mercaptoethanol, 0.1% egg albumin and 1.25 M NaCl) 
in a prechilled 1 1 waring blender and homogenized at 
full speed with 3 to 5 sec bursts. The homogenate was 
squeezed gently through eight layers of cheesecloth and 
then filtered with Miracloth (Calbiochem). The filtrate 
was centrifuged at 1,5000 g for 5 min (Sorvall GSA 
rotor 3,10° rpm ). The supernatant containing mito¬ 
chondria and a few residual chloroplasts was saved. 
1 he pellet containing chloroplasts was resuspended gently 
with a small camel’s hair brush in about 50 ml homo¬ 
genization buffer and again centrifuged at 1 500 g for 
5 min. The pellet was resuspended in 6 ml resuspension 
buffer (25 mM Tris at pH 8, 10 mM EDTA). Lysis of 
the plastids was achieved by the addition of sodium 
dodecyl sulphate (SDS), sarkosyl, and proteinase K to 
final concentrations of 0.5%, 2% and 50pg/ml respec¬ 
tively and incubated at 37°C for 1 h. After lysis, the 
preparation may be stored overnight at -20°C with no 
detectable loss of DNA. The lysate was then extracted 
twice with an equal volume of phenol: chloroform: 
isoamyl alcohol (24 : 24: 1) saturated with 0.1 M Tris 
at pH 8 and twice with chloroform. The nucleic acid 
was precipitated with the addition of one volume of 
2 M NH 4 OAc and two volumes of ice-cold absolute 
ethanol. Th pellet was collected with centrifugation at 
10,000 g, rinsed with 80% ethanol, dried at 37°C, and 
dissolved in 20 p.1 TE (10 mM Tris, 0.5 mM EDTA). 
The nucleic acid may be treated with RNase, if desired. 

The supernatant from the first centrifugation was 
centrifuged again at 1,500 g to remove residual chloro¬ 
plasts and the pellet was discarded. The supernatant 
was centrifuged at 10,000 g for 15 min to collect the 
mitochondria; the pellet was resuspended in about 50 ml 
homogenization buffer and centrifuged again at 10,000 g 
for 15 min. The pellet was resuspended in the resuspen¬ 
sion buffer and isolation of mtDNA then proceeded as 
with cpDNA. 

Restriction endonuclease digestions with EcoRI, 
BamHI, Hindlll, Pstl and Haelll were made according 
to the suppliers’ recommendations. Agarose gel 
electrophoresis was carried out with 0.7% Seakem LE 
agarose (FMC) in 0.5 x TBE buffer' for 17 h at 3- 
5 V/cm. Gels were stained with ethidium bromide (0.5 

g/ml, 20 min) and photographed qsing transmitted UV 
light. 


The organellar DNA yields from 3 g of alfalfa leaves 
or 30 g of sorghum or wheat leaves was about 10 (Xg 
cpDNA and 6 ptg mtDNA; estimated by band intensity 
comparisons to known amounts of X and mtDNA that 
was not digested with restriction endonucleases as shown 
in Figure 1. The mtDNA preparations also contained 
fairly high-quality RNA (Figure 1), as demonstrated by 
the disappearance of heavy bands from the gel after 
soaking in RNase A solution. Restriction enzyme-digested 
cpDNA and mtDNA samples are shown in Figures 2 
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Figure 1. Purified alfalfa cpDNA (first three lanes) and mtDNA (last 
four lanes), before treatment with RNase A (a) and after soaking in 
RNase A (5 gg/ml) for 2 h at 37°C (b). 



Figure 2. Alfalfa mtDNA digested with EcoRl {a), sorghum mtDNA 
digested with BaniHX ( b ), and wheat cpDNA and mtDNA digested 
with EcoRl ( c ). Lanes marked ‘m’ contain M9NA digested with Bgll 
used as a size marker; fragment sizes are indicated in kilobase pairs. 

and 3. The DNA cleaved completely with all enzymes 
used, resulting in very sharp bands. Little or no back¬ 
ground smearing (indicative of contaminating nuclear 
DNA) was observed. This loss of nuclear DNA apparently 
results from the high salt concentration in the homo¬ 
genization buffer 2 . Presumably, the high ionic strength 
results in a dissociation of the nuclear envelope and 
perhaps the chromosomes, providing a simple method 
of separating the plastids from nuclear DNA. We have 
generated several hundred plasmid clones of alfalfa 
mtDNA isolated with this procedure, indicating that the 
preparations are largely free from contaminating sub¬ 
stances that interfere with ligation and cloning. 

Molecular analysis of organellar genomes has been 



a b 


Figure 3. Alfalfa cpDNA digested with £cy.>RI ( a ) and sorghum 
cpDNA digested with 7/mdIII ( b ), respectively. Lanes marked ‘m’ 
contain ^DNA digested with Bgll used as a size marker; fragment 
sizes are indicated in Figure 2. 

widely used in plant phytogeny 3-6 and restriction site 
mapping 7-11 , The described procedure provides a rapid, 
inexpensive means of simultaneously isolating cpDNA 
and mtDNA from either monocotyledonous 12 or 
dicotyledonous plant species 13 and should facilitate 
molecular analysis of those organellar genomes. The 
procedure yields organellar DNA of high quality and 
purity without density gradient ultracentrifugation or 
column chromatography. The DNA obtained can be used 
for restriction enzyme analysis and cloning. Thus the 
procedure we introduced here should prove useful to 
researchers studying organellar DNA of many angiosper- 
mic plant species. 
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Antitumour activity of amooranin 
from Amoora rohituka stem bark 

T. Rabi 

Department of Shalya-Shalakya, Institute of Medical Sciences, Banaras 
Hindu University, Varanasi 22 1 005, India 

The in vivo antitumour activity of amooranin was 
determined using N-nitrosomethyl urea-induced 
Sprague-Dawley rats mammary adenocarcinoma. 
Intraperitoneal administration of the compound at a 
dose of 10 or 20 mg/kg/day prolonged the mean 
survival time of the animals and significantly reduced 
tumour sizes. 

Amooranin is a triterpene acid with a novel skeleton 
isolated fiom Amoora rohituka, which is a medicinal 
plant used in the diseases of spleen, liver, tumours, 
abdomen and in rheumatism 1 . The stem bark was col¬ 
lected from Varanasi, India. The botanical identification 
of Amoora rohituka was confirmed by Suman, BHU, 
Varanasi, India (A voucher specimen is available in the 
herbarium). 

The bark (2.1 kg) was washed, air-dried and ground 
into a coarse powder. It was extracted in a soxhlet with 
ethanol for 48 h. The ethanolic extract was vacuum 
evaporated to give a black residue (240 g). This residue 
was diluted with water and fractioned successively with 
petroleum ether, ethyl acetate and n-butanol to give 
petroleum ether, ethyl acetate, n-butanol and water- 
soluble fractions. The petroleum ether, ethyl acetate and 
n-butanol fractions were concentrated in vacuo, dried 
to constant weight at 37°C. The ethyl acetate extractive 
(50 g) was directly chromatographed on a silica gel 
column using ethyl acetate as eluant. The ethyl acetate 
fraction was chromatographed on a silica gel column, 
resulting in the isolation of a compound provisionally 
assigned as AR-II. It produced white crystal (200 mg) 
on crystallization from methanol. 
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White crystals, m.p. 276-280°C, IR (KBr) Vmax cm' 1 
3433 (OH), 2854 (C=0), 1689 (C=C). 1585, 1383, 1032; 
EIMS: M + 470, 440, 426, 409, 396, 379, 248, 223, 203,' 
191 and 133; 'H-NMR (600 MHz CDC1 3 ): 50.75 (3H,' 
s, 26-Me), 0.91 (3H, s, 29-Me), 0.93 (3H, s, 30-Me)’ 
0.98 (3H, s, 24-Me), 1.13 (3H, s, 23-Me), 1.25 (3H, s’ 
27-Me), 2.44 (2H, m, C2-H), 2.82 and 2.88 (1H, dd,’ 
C18-H), 3.46 and 3.96 (1H each, pair of AB doublets 
CH 2 OH), 5.3 (1H, t, C12-H). 

A' sample of AR-II (30 mg) treated with ethereal 
diazomethane yielded a methyl ester (20 mg). The methyl 
ester (20 mg) was treated with Ac 2 0/pyridine (1 : 1) at 
room temperature overnight. Workup in the usual way 
afforded methyl ester acetate AR-IIa; amorphous powder 
(15 mg); m.p. 161-165'C; 'H-NMR (400 MHz CDC1 )• 
50.75 (3H, s, 26-Me), 0.95 (3H, s, 29-Me), 0.93 QH, 
s, 30-Me), 0.98 (3H, s, 24-Me), 1.12 (3H, s, 23-Me),’ 
1.23 (3H, s, 27-Me), 2.0, (3H, s, 0-C-CH 3 ), 3.6 (3H,’ 
s, COOMe), 3.9 and 4.6 (1H each, pair of AB doublets’ 
CH 2 OH), 5.26 (1H, t, C12-H). 

Treatment of methyl ester of AR-II (13 mg) with 
sodium borohydride furnished a diol AR-IIb amorphous 
powder (10 mg); m.p. 200-203°C. 'H-NMR (600 MHz 
CDClj): 50.75 (3H, s, 26-Me), 0.91 (3H, s, 29-Me), 
0.93 (3H, s, 30-Me), 0.98 (3H, s, 24-Me), 1.12 (3H, s, 
23-Me), 1.23 (3H, s, 27-Me), 2.82 and 2.88 (1H, dd, 
Cl8-11), 3.35 and 4.15 (1H each, pair of AB doublets! 
CH 2 OH), 3.42 (1H, m, C3-H), 3.62 (3H, s, COOME) 
and 5.26 (1H, t, C12-H). 



For in vivo studies, N-nitrosomethyl urea-induced 
primary breast adenocarcinomas in Sprague-Dawley rats 
were transplanted sc beneath the lower thoracic mammary 
fat pads into female Sprague-Dawley rats 60-90 days 
old and divided into four groups of six animals each. 
One group was kept as control and the other three for 
treatment. On day 50 after tumour transplantation, and 
when the tumour volume was 50-150 mm 3 , the treatment 
by intraperitoneal administration of amooranin or 
tamoxifen started in doses of 10 mg/kg, 20 mg/kg or 
0.5 mg/kg once every day for three weeks. Tumours 
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Table 1. Effect of amooranin against the growth of mammary adenocarcinoma in Sprague- 

Dawley rats 


Drug 

Dose 

(mg/kg) 

Maximal 

T/C% 

Number of rats 
survived after tumour 
transplantation 

Mean 

survival time 
(MST) ± S.D. 

% ILS* 

(day)* 

90 days 

125 days 

PBS 

_ 

— 

6/6 

0/6 

96.00 ±5.83 

— 


20 

56.0 (16) 

6/6 

1/6 

120.33 ±7.53 

25.34 


10 

60.1 (14) 

6/6 

1/6 

107.00 ±8.89 

11.46 

Tamoxifen 

0.5 

17.3 (19) 

6/6 

6/6 

164.00 ±9.80 

70.83 


The treatment was started on day 50 after tumour transplantation and when the tumour volume 
was 50-150 mm 3 . 

♦The day at which difference between T and C was maximal. All values were significantly 
different (.PcO.Ol) from controls. 

f Percent increased life span: [(Mean survival time of treated group/mean survival time of control 
group) x 100] - 100. 


were measured by Caliper measurement every 3-4 days 
and volumes were calculated by multiplying length x 
width x height x 0.5. Inclusion of height in the calculation 
improved the accuracy of measurements. Survival was 
recorded daily for 172 days. Antitumour activity was 
evaluated from mean survival times and by calculation 
of the T/C (tumour size of treated rats divided by 
tumour size of control rats) 2 . 

The results of this study are shown in Table 1. Control 
rats treated with PBS had a mean survival time of 96 
days, while in rats treated with 10 or 20 mg of amooranin 
per kg, the mean survival time was 107 or 120.33 days 
with % ILS of 11.46 or 25.34, respectively. The rats 
treated with tamoxifen at 0.5 mg/kg had a mean survival 
of 164 days with % ILS of 70.83. Amooranin at a dose 
of 10 or 20 mg/kg achieved 60.10% or 56% T/C for 
tumour size (PcO.Ol). Tamoxifen at the dose of 
0.5 mg/kg achieved 17.3% T/C for tumour size. Although 
the first treatment with amooranin at 10 mg/kg usually 
caused a tumour growth delay from day 7, this effect 
was not longlasting and the tumours soon reached sizes 
comparable to non-treated groups after the day 24, 
leading to death. The effects of the amooranin and 
tamoxifen at 20 mg/kg and 0.5 mg/kg were studied. 
Observed tumour growth delay at these doses could be 
attributed to the better antitumour activity. The tumour 
growth delay was longlasting; the tumour did not reach 
sizes comparable with the non-treated tumours. 

Although the in vivo activity seen with amooranin 
was inferior to that of tamoxifen, amooranin has some 
antineoplastic activity against N-nitrosomethyl urea 
induced Sprague-Dawley rats mammary adenocarcinoma. 
The mechanism through which amooranin induces its 
biological activity is not known. 


1. Kirtikar, K. R. and Basu, B. D., Indian Medicinal Plants, Lalit 
Mohan Basu Publ., Allahabad, 1935, 2nd edn, vol. 1, pp. 551. 

2. Peters, G. J., Van Dijk J., Nadal, J., Van Groeningen, C. J., Lankelma, 
J. and Pinedo, H. M., in vivo, 1987d, 1, 113-117. 
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Flowering process in generative buds 
of woody perennials: An 
experimental approach 

Rajiv Angrish and K. K. Dhir* 

Department of Botany, CCS Haryana Agricultural University, 
Hisar 125 004, India 

♦Department of Botany, Panjab University, Chandigarh 160 014, India 

The timing and extent of reproductive determination 
of generative buds of woody perennials not conceiv¬ 
able by conventional anatomical methods can be 
obtained by using the bud culture technique. Poten¬ 
tially generative buds are taken for in vitro culture 
at sequential stages of development through the annual 
cycle and an imagery of the change in their morpho¬ 
genetic status visualized by examining the sprouts 
produced. The traditional technique of microscopic 
examination is only a superficial indicator of their 
reproductive status as the ripe-to-flower state may 
precede or succeed the histologically discernible 
stages. 

Fowering in woody perennials, particularly the temperate 
ones, is an extended process with a long time lapse 
between the initiation of potentially generative buds on 
the branches and subsequent anthesis and bud burst 
months later. The basic questions regarding the time of 
reproductive determination and the extent of irre- 
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F'gure 1. Diagrammatic representation of the sequence of histological events (vertical arrows) in the buds of Satix tetrasperma 

L^ vZ a 7 a m8m thr °^ h the annUal Cycle and their » vftw morphogenetic response (broken Hne hoSai 
^ fl arr ° WS deP /r f tlV£ hlsto f nes,s (wav y lln «), lack of apparent histological activity (straight lines) and expansion 

primS a 3^floTmeristems" “TfT^ 1 ‘ nes >-, B ^ histogen^i. stages are denoted by: 1, bud merfstems; 2, inflorescence 
fn v/fro are ’dennSL hv T h’.Hl’ flo "' er . P nra ° rd >a; 5 , preformed flowers; 6, anthesis. Structures produced from buds cultured 
m vitro are denoted by I buds producing vegetative shoots; II, floral meristems remaining quiescent on inflorescence axis- 
ill, floral menstems producing vegetative structures; IV, partly reproductive structures; V flowers 


82 


CURRENT SCIENCE, VOL. 70, NO. 1,10 JANUARY 1996 





RESEARCH COMMUNICATIONS 


versibility, along with the nature of stimulus, need to 
be answered. This would have implications also in 
horticulture 1 " 5 . Anatomical method due to limitation is 
not useful in identification of reproductive primordia 
during early stages of bud development 4,6 . It is also 
uncertain whether histological events indicate a stepwise 
progression or that the whole processes remain suppressed 
due to dormant state of buds, which achieve anthesis 
when conditions for their growth are favourable. There¬ 
fore the results of in vitro experiments on specific 
structures have helped a better understanding of reproduc¬ 
tive development in woody perennials 7 " 9 . Therefore, we 
examine relevant information from literature in the light 
of studies conducted in Department of Botany, Panjab 
University. 

Histologically identifiable changes in the buds are 
taken as criteria for reproductive determination 1 . During 
vegetative growth the current year’s branches develop 
potentially generative buds. However, the extent of 
further development of meristems of these buds during 
dormancy varies between two extremes. Meristems in 
the first category remain undifferentiated in a quiescent 
state. Active histogenesis leading to differentiation of 
flower parts, occurs prior to bud burst as observed in 
species like Actinidia 10 , Callistemon { \ Citrus 12,13 , Dal- 
bergia H , Juglans 15 , Quercus (female) 6 , Salix (female) 16 
and Vitis 11 . The second category is represented by Cup res- 
ms 18 , Salix (male) 19 , Machilus 14 , Malus 2 , Moms (male) 20 
and Quercus (male) 6 , where the development progresses 
in apparently quiescent buds, leading to preformation 
of flowers with essential parts well before the bud burst. 
This is followed by rapid elongation of axis during 
anthesis. 

The novel approach of sequential in vitro culture of 
excised bud explants was adopted by Nanda et al. 2[ to 
elucidate the details pertaining to the transformation of 
vegetative bud into generative one and subsequent com¬ 
plete flower formation. 

Three axillary flowering species, i.e. female Salix 
tetrasperma 16 , male S. babylonica 19 and male Morns 
nigra 20 have contrasting schedules of reproductive dif¬ 
ferentiation (Figure 1) with S. tetrasperma representing 
the first category and S. babylonica and Moms nigra 
the second category as described earlier. 

In vitro culture of excised buds of S. tetrasperma 
just initiated in March produced only vegetative shoots 
(Figure 1), indicating the lack of any irreversible 
stimulus. However, excised older buds which had dif¬ 
ferentiated inflorescence primordia and even floral meris¬ 
tems gave sterile inflorescences with the floral meristems 
remaining quiescent or developing into leafy sprouts. A 
progressive change in the morphogenetic response was 
observed from September to November, when the floral 
meristems produce partly and predominantly reproductive 
structures. During December and later normal flowers, 


characteristic of the species, developed. Absence of clear 
stages in histological profile during the annual cycle is 
significant in S. tetrasperma. 

On the other hand, aseptic culture of just initiated 
buds of S. babylonica at the meristem stage gave vegeta¬ 
tive shoots (Figure 1), indicating lack of any irreversible 
stimulus. Older buds during March to May showed the 
development of sterile inflorescences, with floral meris¬ 
tems remaining quiescent or developing into leafy struc¬ 
tures. Buds having preformed flower primordia showed 
the development of partly sterile anther stumps or anthers 
without pollen when cultured in vitro during June to 
September. The buds produced normal flowers with 
viable looking pollen in anthers when cultured in Novem¬ 
ber and later. It is thus interesting to note that though 
the buds appear to be ripe-to-flower in the morphological 
sense in August, it is only towards November that they 
actually show anthesis. In M. nigra the youngest buds 
cultured from late March to May produced aberrant 
reproductive structures (Figure 1). However, perfect 
flowers were obtained from excised buds during June 
and later. Like S. babylonica , in this case also full 
reproductive potential of the buds is expressed after the 
differentiation of apparently mature preformed flowers. 

It is clear from the above account that the histological 
differentiation of buds is not a measure of their intrinsic 
morphogenetic potential and the ripe-to-flower state of 
the buds may temporally precede (as in S. tetrasperma) 
or succeed (as in S. babylonica and M. nigra) the 
histologically discernible stages. However, buds can be 
forced to sprout in vitro at sequential stages through 
the annual cycle and an imagery of their developmental 
events visualized. 

The buds seem to be continuously affected by endo¬ 
genous and environmental factors in situ that result in 
their progressive transformation towards the ripe-to- 
flower condition and a self-perpetuating flowering 
stimulus does not seem to be present in the generative 
buds as the young differentiated buds do not produce 
perfect flowers 16,19,20 . Experimental studies with Citrus 
also show that the determined buds revert to vegetative 
sprouts when cultured in vitro 22 unless provided with a 
specifically permissive inductive stimulus of ringing 23 
or low temperature 24 . Further evidence that this pattern 
could be of general occurrence comes from the con¬ 
sideration of sporadic reports where generative buds of 
trees when forced to sprout prematurely, by treatments 
such as excessive pruning, produce aberrant structures 
instead of flowers 25 " 29 . Naylor 30 generalized that in 
flowering plants a ‘teeter-point’ exists between vegetative 
and reproductive development and if the signal received 
for floral induction is insufficient, a mixture of leaves 
and flowers develop. 
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Induction of hairy roots in tea 
(Camellia sinensis L.) using 
Agrobacterium rhizogenes 

M. Zehra, S. Banerjee, A. K. Mathur and 
A. K. Kukreja 

Central Institute of Medicinal and Aromatic Plants, P.O. CIMAP (Near 
Kukrail Picnic Spot), Lucknow 226 015, India 

Agrobacterium rhizogenes strain A4-mediated ‘hairy 
roots’ have been induced for the first time in leaves 
of in vifro-grown seedlings of Camellia sinensis. The 
hairy roots originated at the proximal end of the 
young leaves after 17 ± 2 days of bacterial inoculation. 
These hairy roots were cultured in hormone-free MS 
medium, and MS supplemented with 1 mg/1 NAA. 
Root biomass production was better in auxin-containine 
medium. & 

Acrobacteriumrhizogenes is the causal agent of the hairy 
root disease and is characterized by its ability to cause 
root proliferation at the site of infection of the susceptible 
hosts. Virulence of this species is dependent on the 
root-inducing Ri-plasmid a portion of which, called 
T-DNA’, is transferred and integrated into the host 
plant DNA (refs. 1, 2). Susceptibility towards A. 
rhizogenes infection varies among different plant families 
and also with the bacterial strains 3 . Such hairy roots 
are characterized by their ability to grow profusely on 
a hormone-free culture medium under in vitro condition 
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in a large number of plant species 4 . The major con¬ 
sideration behind induction and in vitro culture of A 
rhizogenes-medmted hairy roots has so far been to device 
an alternate strategy for the production of commercially 
useful secondary metabolites of plant origin which are 
known to be synthesized and accumulated in roots 5,6 . 
In a few recent studies, however, the root-inducing 
capacity of Ri-plasmid has also been gainfully employed 
in vegetative cloning of some otherwise difficult to root, 
recalcitrant woody plant species such as almond, olive, 
Actinidia deliciosa and apple 7-11 . The approach was 
found to work satisfactorily both in species where self- 
rooted cuttings or efficient root-stocks were required. 

Camellia sinensis (family Theaceae) is an important 
cash crop of India. Like other woody perennials, the 
rooting efficiency of the stem cutting of tea is low 12 . 
This, coupled with slow vegetative growth rates of 
cutting, poses a serious limitation in the early introduction 
of high-yielding clones of tea for their commercial 
plantation and cultivation. Ceil culture-based micro- 
propagation approaches such as axillary or apical bud 
proliferation, induction of somatic embryogenesis and 
multiple shoot cultures are being tried in many 
laboratories to overcome this problem 13-17 . While esta¬ 
blishment and in vitro proliferation of microshoots is 
now a routine in tea tissue cultures 6,17 , rooting in these 
shoots and regeneration frequency of complete plantlets 
is still very low 18 . Based on this information, it was 
thought logical to explore the possibility of improving 
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Figure 1 a-d. a, Transformed roots arising from the cut ends of young tea explants after 17 days of bacterial inoculation 
[C, nontransformed (control) explants; T, transformed explants]; b,c , Biomass produced after 35 days of culture in MS 
medium: ( b ) without any hormone, (c) supplemented with 1 mg/1 NAA; d. Detection of mannopine in the extract of hairy 
roots of C. sinensis by paper electrophoresis. Lane TC, nontransformed (control) roots; TT, transformed roots; MA, standard 
mannopine; M, Mannopine; NS, neutral sugar. 


upon the poor rooting ability of stem cutting and in 
vitro regenerated microshoots of tea via Ri-mediated 
transformation. 

As a first step towards this approach the susceptibility 
of C. sinensis to A. rhizogenes infection was tested 
using a virulent mannopine positive strain A4 and stand¬ 
ard leaf disc method of cocultivation. Here we report 
the efforts initiated and encouraging results obtained in 
this direction. 

A. rhizogenes strain A4 (supplied by D. P. S. Verma, 
Biotechnology Centre, Ohio State University, USA) was 
regularly subcultured on solid YMB medium 19 . For trans¬ 
formation studies, bacteria were grown in liquid YMB 
medium for 48 h on a rotary shaker (90 rpm) at 
25 ±2°C in dark. The bacterial population was approxi¬ 
mately 10 8 cells/ml as measured by OD at 660 nm. 

Seeds of C. sinensis were obtained from the tea 
plantation at Indian Institute of Petroleum (IIP), Dehra- 
dun. Seed coat was removed and cotyledons with embryo 
were surface sterilized in 0.1% HgCl 2 for 3 min followed 
by thorough washing with sterile distilled water. Seeds 
were germinated in petri plates on a hormone-free MS 


medium. Leaves of 35-day-old seedlings were used as 
the explant source for transformation. 

The leaves were excised from in vitro grown-seedlings 
and the cut ends were dipped in bacterial suspension 
for 2 min, and were blotted dry on a sterile filter paper. 
The explant were cocultivated with bacteria for 2 days 
on solid basal MS medium, as well as on solid MS 
medium supplemented with 1 mg NAA in dark at 
25±2°C. The cultures were transferred to basal MS 
medium without hormone containing 1000pg/ml 
# Cephalexin (Ceff 250, Lupin Laboratories) for two 
successive culture passages of 15 days long to get rid 
of the bacteria and finally the roots were grown in 
antibiotic-free medium. For the opine analysis, trans¬ 
formed and nontransformed control roots were 
homogenized with water* and 0.5 ml of 0.1N HC1. After 
centrifugation at 12,000 g for 5 min, the supernatant was 
separated and spotted on Whatman No. 3 MM chromato¬ 
graphy paper along with the standard mannopine (Sigma). 
The paper was then subjected to electrophoresis (10 
V/cm). Formic acid : acetic acid : water (1 : 3 : 11, v/v/v) 
buffer was used. After drying, the electrochromatogram 
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was stained with silver nitrate as described by Petit 
et al. 20 . 

In the preliminary experiments, young incompletely 
expanded leaves from node numbers 3 to 5 (from the 
apex) of 35-day-old seedlings were tried for genetic 
transformation. Fully expanded leaves were not found 
suitable for cocultivation because of excessive leaching 
of the phenolics. Cocultivation in the hormone-free MS 
medium led to only callus formation at the proximal 
cut end of the leaves. The emergence of roots did not 
occur even after callusing. However, when the explants 
were cocultured on the MS medium in the presence of 
1 mg/1 NAA, 2-5 roots per explants were observed after 
17 ±2 days of bacterial inoculation (Figure 1 a). Emer¬ 
gence of hairy roots was observed in about 40% of the 
plated leaf explants (25 explants were used in three 
different experiments, out of which 10 responded posi¬ 
tively). These results indicate that presence of auxin 
during cocultivation plays a critical role for the induction 
of hairy roots in C. sinensis. Similar observations have 
already been made in case of carrot, pea and tobacco 3,21 . 
Emerging roots were white at the beginning but under 
continuous light they turned green. For root biomass 
production, both liquid MS basal and MS supplemented 
with 1 mg/1 NAA media were used. Branching was not 
observed in hormone-free MS medium although the 
elongation occurred to some extent. Addition of 1 mg/1 
NAA in the medium showed marked difference in 
branching pattern as well as in the growth rate (Figure 
1 by c). The biomass production was approximately 3 
times higher (i.e. 1.34 ± 0.655 g) in auxin-supplemented 
medium as compared to basal MS medium 
(i.e. 0.42 + 0.177 g) after 35 days of culture. Presence 
of mannopine in the hairy roots and its absence in 
nontransformed control roots, as evident from paper 
electrophoresis (Figure 1 d), confirmed the transformed 
nature of roots. 

The results summarized above clearly indicate that 
A. rhizogenes-mzdisLted genetic transformation in C. 
sinensis is a possibility and fast-growing hairy root lines 
can be induced in tea. Based on these preliminary 
findings efforts are now under way to produce hairy 
roots in vegetative stem cuttings and in vzfro-regenerated 
microshoots of tea so that an efficient mass propagation 
system can be deviced for this difficult-to-root cash 
crop of India. 
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A study on mechanism of phyllody 
disease resistance in Sesamum alatum 
Thonn. 
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R. S. Ramalingam 

School of Genetics, Tamil Nadu Agricultural University, 
Coimbatore 641 003, India 

* Present address: M. S. Swaminathan Research Foundation, III Cross 
Street, Taramani Institutional Area, Madras 600 113, India 

Phyllody disease is a highly destructive mycoplasma 
disease of Sesamum transmitted by leafhopper. Resis¬ 
tance to the disease has been recently reported in 
Sesamum alatum and hybrids between S. alatum and 

S. indicum were produced. Screening of the F 2 genera¬ 
tion under controlled condition using insect vector 
showed that the resistance may be controlled by a 
single recessive gene. Screening of F 3 generation under 
natural condition using infector-row-technique could 
not confirm the single recessive gene inheritance of 
phyllody resistance. Further screening by grafting 
method of inoculation required information on sur¬ 
vival rate of seedlings after grafting and mechanism 
of resistance present in S. alatum . Experimental results 
showed 40% survival rate after grafting. Graft inocu¬ 
lation of mycoplasma-like organisms (MLOs) followed 

CURRENT SCIENCE, VOL. 70, NO. 1, 10 JANUARY 1996 



RESEARCH COMMUNICATIONS 


by visual screening and vector inoculation followed 
by molecular screening using MLO DNA probe 
revealed that the resistance to phyllody disease in S. 
alatum was only due to insect resistance and its 
implication in screening methodology is discussed. 

Sesamum ( Sesamum indicum L. 2 n = 26), is an important 
oilseed crop in India particularly in the southern states. 
Phyllody in Sesamum is caused by a mycoplasma-like 
organism (MLO) 1 and is transmitted by a leafhopper, 
Orosius albicinctus Distant 2 . The infected plant is char¬ 
acterized by transformation of all floral parts, except 
stamens, to leaf-like structures and the anthers rarely 
contain functional pollen leading to nearly total sterility 3 . 
The disease is particularly severe in summer leading 
often to total loss of the crop. And, though the disease 
has been reported as early as in 1928 with 80 to 90% 
infection 4 , until now no variety with appreciable degree 
of resistance has been developed for want of source of 
resistance. However, recently, screening by vector insect 
under controlled condition showed that S. alatum Thonn. 
( 2/2 = 26), a wild relative of the cultivated species was 
resistant (93.37%) to the disease 5 . 

With the objective of transferring the phyllody resis¬ 
tance to the cultivated varieties, S. alatum x S. indicum 
hybrid was successfully produced 6 and its hybrid nature 
has been established 7 . By screening the F 2 generation 
of this cross, phyllody resistance had been reported to 
be controlled by a single recessive gene 8 . When the 
progeny lines of twenty F 2 plants called F 3 families 
were screened by infector-row-technique under natural 
condition, more number of plants than expected were 
observed without phyllody symptom. Therefore, the pos¬ 
sibility of utilizing the grafting method of inoculation 
for screening was explored and the results are discussed. 

For screening by infector-row-technique, twenty seeds 
each from twenty F 2 plants were collected and raised 
in progeny rows called F 3 families. A field trial was 
laid out at the Oilseed Breeding Station of the Tamil 
Nadu Agricultural University, Coimbatore, India, in the 
summer season. Five plots of each 4 x 4 m were laid 
out in a place around which different varieties of 
sesamum and Crotolaria juncea (alternative host) were 
grown for other field trials. Each plot was comprised 
of four F 3 families (each two rows and ten plants in 
each row), S. alatum , S. indicum and C. juncea in the 
following order. First row was 5. indicum (infector row) 
followed by two rows of one F 3 family. Then, a row 
of S. alatum was included which was followed by two 
rows of another F 3 family. Again, an infector row was 
planted so that 1 : 5 ratio of infector row and test row 
was maintained. The other two F 3 families were also 
accommodated in the same way. Further, in each plot 
an inner border row of S. indicum at a distance of 
30 cm and an outer border row of C. juncea at a 
distance of 40 cm around were also raised (Figure 1). 


Observations were recorded 45 days after sowing till 
maturity. 

For screening by graft inoculation, twenty plants each 
of S. indicum and S. alatum were raised in pots in an 
insect-proof glass house. Direct transmission of phyllody 
MLO was carried out by side wedge grafting. Small 
young twigs of phyllody-infected sesamum plants were 
cut in a wedge shape at the bottom and were inserted 
into the cleft made on 15-20-day old seedlings. The 
grafted portion was wrapped with polythene stripes. The 
whole plants were covered with perforated polythene 
bags and kept in mist chamber. After the grafts were 
established, the polythene bags were,removed and the 
plants were transferred to an insect-proof glasshouse. 

Inoculation of S. indicum and S . alatum by vector 
insects was also done by using wooden box technique 9 . 
When the plants were 75 days old (usually phyllody 
symptom appears 45 days after sowing which coincides 
with flowering), leaves were collected from (i) S. indicum 
with phyllody symptom, (ii) S. indicum without phyllody 
symptom, and (iii) S. alatum in which all the plants 
were without phyllody symptom. From the leaf samples 
total genomic DNA was extracted with slight modifica- 
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Figure 1. Field screenings of F 3 families of S. alatum x S. indicum 
infector-row-technique. 
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tion as described by Kuske and Kirkpatrick 10 using the 
PS buffer 11 . The DNA was probed with WBDL (Witches’ 
Broom Disease of Lime) MLO DNA probe (provided 
by J. M. Bove, INRA, France) in dot blot hybridization. 

Dot blot hybridization was performed using Bio-rad 
dot blot apparatus. The total genomic DNA was denatured 
at 98°C for 5 min and immediately chilled on ice. The 
DNA at different concentrations (30, 50 and 120 ng) 
was loaded on Hybond-N + membrane with dot blot 
apparatus and fixed by baking at 80°C for 2 h. The 
probe was made by random prime labelling of 25 ng 
of WBDL MLO DNA at 25°C for 1 h. Prehybridization 
was performed in 5 x SSC containing 5x Denhardts’ 
solution (0.1% Ficoll, 1% PVP and 0.1% BSA), 50 mM 
sodium phosphate buffer (pH 6.5), 50% formamide and 
200 Hg/ml sonicated Salmon sperm DNA. Hybridization 
was done overnight at 42°C essentially in the same 
buffer with radioactively ( 32 P-dCTP) labelled probe DNA. 
After proper washing with SSC and SDS, the filter was 
air dried and exposed to X-ray film with intensifying 
screen at —70 C for three days. Then the film was 
developed and observed for radioactive signal. 

In the field screening by infector-row technique, 92 
and 65.5% plants with phyllody symptoms were observed 
in S. indicum and C. juncea respectively while S. alatum 
showed 100% resistance. All the F 3 families segregated 
for resistance and susceptibility. Resistance to phyllody 
disease being reported to be controlled by single recessive 
gene, theoretically, five plants in each family were 
expected to be resistant. But, in individual families, the 
number of plants without phyllody symptom varied from 
six to eleven. The % 2 analysis of the data revealed that 
only nine families (family number 6, 12, 14, 15, 16, 
17, 18, 19 and 20) fit into the 3 : 1 ratio of susceptibility 
and resistance reported earlier. And, in total, as against 
the theoretical expectation of 100 plants, 179 plants 
were healthy (Table 1). This may be because the screen¬ 
ing was done under field conditions relying on the 
natural incidence of the disease. 

Artificial screening using viruliferous insect vector in 
cages is generally considered to be a reliable method. 
However, difficulties and tediousness in collection and 
maintenance of the insects, making them virulent con¬ 
sidering the inoculum acquisition period and incubation 
period in the vector, confirming the virulence before 
inoculation, uniform inoculation according to the number 
of insects per plant, inoculation feeding period, and 
incubation period in the host, effect of forced feeding, 
etc. prompted us to look for alternative methods of 
screening. Since the causal organism was not culturable 
and the organism proliferates only in the phloem cells, 
transmission from live infected plants by grafting was 
the only choice. The problem in this method was severe 
seedling mortality after grafting. Following the stand¬ 
ardized procedure described before, we were able to 
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Table 1 . Disease reaction of individual F 3 families in screening 
using infector-row-technique 



No. of 

Disease 

reaction 


Family 

plants 



Observed y 2 

no. 

screened 

Healthy 

Infected 

value* 

1 

20 

10 

10 

6.67 

2 

20 

11 

9 

9.60 

3 

20 

10 

10 

6.67 

4 

20 

11 

9 

9.60 

5 

20 

9 

11 

4.26 

6 

20 

7 

13 

1.06* 

7 

20 

9 

11 

4.26 

8 

20 

14 

6 

21.6 

9 

20 

11 

9 

9.60 

10 

20 

13 

7 

18.40 

11 

20 

11 

9 

9.60 

12 

20 

8 

12 

2.40* 

13 

20 

10 

10 

6.67 

14 

20 

7 

13 

1.06* 

15 

20 

6 

14 

0.26* 

16 

20 

6 

14 

0.26* 

17 

20 

7 

13 

1.06* 

18 

20 

6 

14 

0.26* 

19 

20 

7 

13 

1.06* 

20 

20 

6 

14 

0.26* 

Total 

400 

179 

221 



Expected x 2 value at one degree of freedom was 3.84 at 5% 
*Significant at p < 0.05. 


get 40% survival rate in S. indicum. All the plants 
surviving after grafting showed phyllody symptom indi¬ 
cating assured inoculation in one step which otherwise 
is complicated in vector screening. However, to apply 
this technique for screening, information on the 
mechanism of phyllody resistance in S. alatum was 
crucial. 

When 20 plants each of S. indicum and S. alatum 
were inoculated by grafting, eight plants in each survived 
after grafting. S. alatum which was resistant to phyllody 
disease (93.37% resistance under controlled condition 
as reported earlier and 100% resistance under natural 
condition, in the present study) when inoculated with 
vector insects expressed phyllody symptom in all the 
plants. This may be due to more inoculum load in graft 
transmission than in vector transmission or the species 
may not be resistant to MLO. Earlier, Abelmoschus 
manihot var, pungens, A. crinatus , Hibiscus panduraefor- 
mis and H. vitifolius which were resistant to vector 
transmission of yellow mosaic virus were also resistant 
to graft transmission 12 . In the same experiment, H. 
subderifa which was resistant to vector transmission 
became susceptible to graft transmission. This showed 
that the increased inoculum load could not be the only 
reason that made S. alatum susceptible to the disease. 
Alternatively, resistance to phyllody in S. alatum may 
be due to insect (vector) resistance not MLO resistance. 
To verify this, both S. indicum and S. alatum were 
inoculated with vector insect and the DNA from the 
plant system were probed with MLO DNA for the 
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Figure 2. Dot blot hybridization of WBDL MLO DNA probe to the 
total genomic DNA of (1) S. indicum with phyllody symptom, (2) S. 
indicum without phyllody symptom, and (3) S. datum without phyllody 
symptom after vector inoculation. 

presence of the causal organism. The MLOs were 
detected both in S. indicum with phyllody symptom and 
without the symptom indicating its sensitivity to detect 
MLO even before the symptom appears. The same probe 
did not detect any MLO in S. alatum (Figure 2). This 
showed that phyllody resistance in S. alatum was due 
to insect resistance which did not allow the entry of 
the MLOs into the plant system. Consequently, when 
the MLOs were deliberately introduced by graft inocula¬ 
tion phyllody symptoms were expressed as it was not 
resistant to the causal organism. Therefore it can be 
concluded that S. alatum is resistant to phyllody disease 
through insect resistance only. 

This finding has two implications in screening method: 
(i) since the species is not resistant to the causal 
organism, graft inoculation or any other form of direct 


delivery of MLOs should not be used for phyllody 
resistance screening in Sesamum , and (ii) since the 
species is resistant to the disease-transmitting vector, 
insect inoculation can be followed by optical, immuno¬ 
logical or molecular detection of MLO for rapid and 
reliable screening as the presence of the causal organism 
is an early indication of susceptibility. And, infector- 
row-technique may be used at preliminary stage of 
screening to reduce , the number of entries for vector 
screening which is tedious and time consuming. 
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Infinity and the Mind. Rudy Rucker. 
Princeton Univ Press, 41 William Street, 
Princeton, New Jersey 08540, USA. 1995. 
Price: $ 12.95. 342 pp. 


The concept of infinity is at once romantic, 
intriguing and challenging to the pure 
thought process. Like its ‘reciprocal’ 
partner zero , infinity has exerted the minds 
of great thinkers almost since the dawn 
of civilization. The earliest evidence from 
recorded history comes from Greek 
philosophers like Pythagoras, Plato and 
Aristotle from a rather ‘negative’ angle: 
its very name apeiron (unbounded, in¬ 
finite, indefinite, or undefined) bearing 
eloquent testimony to the unease (bom 
out of a lack of comprehension?) with 
which they looked upon it. All these 
thinkers firmly believed that any given 
aspect of the world could be described 
by a finite arrangement of ‘natural’ num¬ 
bers. The encounters with ‘infinities in 
the small’ were no less vexing, as 
Pythagoras and his colleagues had a taste 
of this ‘issue’ when they could not rep¬ 
resent the ‘square-root of two’ by a finite 
(‘rational’) arrangement of ‘natural’ num¬ 
bers. The nearest move for coming to 
terms with apeiron was made by Aristotle 
who went as far as inventing the notion 
of the potential infinity which could be 
visualized in terms of natural numbers, 
versus the actual infinity which could not 
be so described. The latter came nearest 
to the definition of God at the hands of 
philosophers (like Plotinus) and mis¬ 
sionaries (like St. Augustine), as ‘Absolute 
One’ who stands outside of number, ‘and 
so is under no limit w.r.t. anything ex¬ 
ternal or internal’ (as any such deter¬ 
mination would bring something of the 
dual into it). Further, He could think 
‘infinite thoughts’ simultaneously. This 
was the forerunner of an already modem 
position, which now goes by the name 
of the Platonic philosophy (see below). 
The next landmark in the encounter with 
infinity , which heralded the modern at¬ 
titude towards the ‘actual infinite’ in 
mathematics, came through a novel idea 
introduced by Galileo based on a repudia¬ 
tion of the usual counting method appli¬ 
cable to finite-sets, through his insistence 
that infinite sets obey a different 
‘arithmetic’ from finite sets. The precise 
modification of this arithmetic was to 


take shape some 250 years later (1880s) 
at the hands of George Cantor, the Father 
of modern notion of infinity. Galileo’s 
attitude towards '<»’ in turn had been 
conditioned by his desire to treat space 
and time as continuous variables which 
was at the root of the development of 
the calculus of infinitesimals by the stand¬ 
ard ‘limit’ process. 

This brings us to the modern era in 
which the concept of infinity exists in 
all its forms, potential and actual, spatial 
and temporal, as well as large and small; 
where the principal players have been 
Cantor, Hilbert, Goedel and Von 
Neumann among others. Cantor’s theory 
of transfinite numbers was the first to 
offer a glimpse of the vastness of infinity 
through a new form of counting in which 
an ordinal number is defined as the set 
of all natural numbers preceding it. This 
produces a well-defined hierarchy of 
‘infinities’ which play the role of 
‘landmarks’ in the journey towards bigger 
and bigger infinities. The first such 
landmark is a mere ‘co’ = lim (n). The next 
stages are obtained by continuing the 
process through co 2 , co 3 ,. .. , co 01 (exponen¬ 
tiation); co 03 = “co (tetration); and so on 
and on. When this process of counting 
is exhausted, one arrives at the next 
benchmark: aleph one—a different ‘kind 
of infinity’ from the co-series. The 
‘complete’ hierarchy all the way to God 
(O) where the buck stops (?) is 1 

0,... 6,... W, ... co; co + co; aleph-1; 
aleph-co; 0; p; X; a; ... ‘O’. 

This is only one aspect of the mind-bog¬ 
gling nature of infinity—its ‘unfathoma- 
bility’ which the author of the book (who 
is a distinguished set theorist and science 
fiction writer) narrates in a most enter¬ 
taining fashion. He then goes on to discuss 
some logical paradoxes named after 
Berry, Richard and ‘The Liar’ which point 
to the existence of mental concepts that 
defy any exact formalization, and are in 
some sense ‘infinite’, insofar as the human 
mind ‘understands’ them. The exposition 
is non-technical, but the author neverthe¬ 
less maintains a strictly logical rigour in 
a delightful narration of ‘The Un- 
nameable’. In the modern age of ever 
expanding computer logic and storage 
capacity, these purely logical problems 
which refer respectively to ‘limitations of 
language’, ‘randomness’ (in the sense of 
having no finite description), and ‘the 
meaning of truth’ (?) (not mathematically 


definable) reveal the chinks in this formi¬ 
dable armour in a human reservoir to 
tackle these basically ‘semantics’ aspects 
of such paradoxes. The last one exposes 
rather dramatically the finite capacity of 
the most powerful computer logic in its 
pathetic helplessness before the celebrated 
Goedel Incompleteness Theorems of math¬ 
ematical logic. This result which has a deep 
philosophical significance, brings out the 
intrinsic limitations of any basically finite 
(man-made) system, howsoever big, to cap¬ 
ture all the aspects of the infinite (a higher 
reality—God?); see below. 

The last but not least issue of this 
logical nature concerns the One—many 
problem : Can ‘everything’ be regarded 
as a ‘unity’, i.e. a single definite thing? 
In other words, is the world a one or 
many? For an analysis of this problem, 
Rucker employs the modern language of 
set theory in his logical efforts to reduce 
‘diversity to unity’. According to Cantor, 
the founder of set theory: A set is a 
‘many’ which ‘allows’ itself to be thought 
of as ‘one’. Cantor believed that a pure 
set has an ‘ontological’ existence irrespec¬ 
tive of notice by anyone, and by the 
thought <=> set correspondence the same 
is true of pure thought. Are ‘sets’ mem¬ 
bers of themselves? A logical pursuit of 
this question again gives rise to an infinite 
regression just as in the Berry, Richard 
and Truth paradoxes, which can be 
resolved only by demanding that a class 
of all sets is not a set. 

This last point brings one perilously 
close to the situation relative to the 
metaphysical or theological absolute 
which is not rationally knowable (all 
thinkers agree on this). At least the logic 
of set theory (Ernst Zermelo) leads to 
the ‘reflection principle’ which 
paraphrased in simple terms reads some¬ 
thing like this; the mind does not attain 
God, but to what is beneath Him. (This 
is not just pious phrase-mongering but 
rigorous logic.) In this scenario there are 
two classes of mathematicians: i) The 
Platonist who believes in the ontological 
existence of infinite sets; ii) the Formalist 
who believes that there are only finite 
descriptions of mathematical theories. In 
this dual scenario, the role of Intuitionism 
is to synthesize the two viewpoints: 

Actual Infinity <=> ONE; 

Potential Infinity o MANY. 

The ‘Book’ which made its first ap¬ 
pearance earlier 1 under a different pub- 
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lisher, explains the logic of infinity and 
related concepts in a non-technical fashion 
and is therefore of value to the non¬ 
specialist in mathematics who is interested 
in its logical basis without bothering about 
the technicalities. More such books are 
appearing in the market, covering very 
similar themes 2 . The ‘pioneer’ in this 
regard was perhaps George Gamow’s 
entertainer of half a century earlier 3 , which 
provides the ‘appetizer’ for them. The 
present book 1 however also deals with 
some technical aspects like the formal 
proofs of the Goedel Theorems and a 
fuller exposition of the ‘transfinite 
cardinals’ of Cantor theory, topics which 
are not easily found in most textbooks, 
and should thus be useful to the more 
serious student of mathematics, who is 
further helped to develop his logical think¬ 
ing capacity without external aid, through 
a collection of puzzles/paradoxes whose 
answers are given at the end of the book. 
Another item of delight is the story of 
Rucker’s personal encounters with the 
‘Mathematical Genius’ (who ve t ry rarely 
granted interviews). The serious student 
of mathematics may profitably combine 
books of this kind with more ‘substantial’ 
classics like Courant’s ‘What is Mathe¬ 
matics?’ 4 to grasp the abstract ideas and 
methods of mathematics in a more 
palatable and wholesome fashion. 

To summarize, the book whose style 
will please both the uninitiated and the 
more serious thinker in mathematics, ven¬ 
tures to convey to both the abstract concept 
of infinity in all its forms, both ‘potential’ 
and ‘actual’, spatial and temporal, large and 
small. The main lesson seems to be that 
even mathematics as an ‘exact science’ has 
its limitations (thanks to the Goedel 
Theorems and the like) which have led to 
at least two schools of thought: Platonistic 
versus Formalistic, and encouraged the 
(more holistic) intuitionists to lean towards 
Mysticism 1 , a subject which is beyond the 
scope of this review. 


1. Rucker, R., Infinity and the Mind, 
Birkhauser, Boston, 1982. 

2. Barrow, J. D., Pi in the Sky , Little-Brown, 
Boston, 1993. 

3. Gamow, G., One, Two, Three, Infinity, 1950. 

4. Courant, R. and Robbins, H., What is Math¬ 
ematics, Oxford Univ. Press, NY, 1978. 


A. N. MlTRA 

244 Tagore Park , 

Delhi 110 009, India 


Conversations on Mind, Matter and 
Mathematics, by Jean-Pierre Changeux 
and Alain Connes, edited and translated 
by M. B. DeBevoise. Princeton University 
Press, 41, William Street, Princeton, New 
Jersey, USA. 1995. Price: $24.95; £19.95. 

260 pp. 


Many thinkers over millennia have 
pondered over the problem of the relation¬ 
ship between mind and matter. In the 
secular part of the Western tradition, 
avoiding reference to individual develop¬ 
ment and destiny, the origins of such 
enquiry, as in so much else, go back to 
the Greeks. Here one encounters the con¬ 
trasting views of Plato on the one hand, 
and of Democritus, Epicurus and 
Lucretius on the other. For Plato, all 
objects and experiences in the world were 
shadows or pale imitations of a fixed 
sphere of ideas, beyond space, time and 
sensation, where alone perfection and the 
highest truths were attained. Democritus 
and his followers adopted in contrast a 
more pragmatic materialist point of view, 
giving primacy to experience and 
knowledge of the world directly accessible 
to us. Passing over many centuries, we 
come to Descartes and his ‘cut’: a sharp 
distinction between mind and matter, a 
dualism, with the former not reducible 
to the latter. In our own times, with 
stupendous advances in both the physical 
and the life sciences, gifted scientists 
have devoted themselves to these ques¬ 
tions. Thus one recalls Schrodinger’s 
Mind and Matter, subtly influenced both 
by his wave mechanics and his leanings 
towards Vedanta; and more recently Max 
Delbruck’s Mind from Matter ? An Essay 
on Evolutionary Epistemology , where a 
deep understanding of Darwinian evolu¬ 
tion and Lorenz’s ideas on phylogenetic 
and ontogenetic ‘learning’ were brought 
to bear on the problem. 

Questions in this realm are easily posed; 
not so easy however to find convincing 
answers, or even agreement on the char¬ 
acteristics of an acceptable answer. Some 
perennial problems that suggest them¬ 
selves: is the statue already present in 
the uncut marble before the sculptor goes 
to work, and does she merely uncover 
what was pre-existing? Is a new mathe¬ 
matical concept an invention or a dis¬ 
covery, an exploration of a fixed continent 
of mathematical truths? 

Conversations on Mind, Matter and 


Mathematics is an exhilarating dialogue 
between a biologist and a mathematician, 
faithfully recorded and beautifully trans¬ 
lated, on these and related problems, with 
special reference to mathematics. Chan¬ 
geux is an outstanding neurobiologist, 
from the Lwoff-Monod-Jacob school; 
while Connes is an equally gifted math¬ 
ematician with a deep feel for theoretical 
physics. Much of their conversation is 
an argument that is never resolved: 
through his experience in mathematics 
Connes firmly believes that mathematics 
exists ‘out there’ as a territory independent 
of us, available for exploration. He feels 
so because of the frequent occurrence of 
different individuals finding the same 
answer to a given problem; by the power 
of axioms to hold within them many 
consequences which with effort we 
unravel; and by the apparent independence 
of many mathematical creations from sen¬ 
sory experience. Equally passionately 
Changeux—surely influenced by neurobiol¬ 
ogy— insists on the constructivist view¬ 
point: mathematics is a product of the 
human brain, taking inputs from the physi¬ 
cal world; all mathematical steps and 
arguments are specific achievements 
within the brain, using its material basis 
and organization, its evolved capacity for 
logical reasoning. The relative complexity 
of certain parts of mathematics is no 
proof of its independent existence or 
reality. Mathematics as a language to 
describe nature, so spectacular in physics, 
is not independent of the brain; even those 
results which today appear as finished 
products evolved in societies and cultures, 
and once did not exist. To Connes’ chal¬ 
lenge: ‘Will we ever “see” a brain con¬ 
ceiving a mathematical idea, a concept, a 
step or an argument?’, Changeux answers 
confidently—‘Yes, one day we will!’. 

Such is the heady stuff recorded in 
these conversations. That such a gifted 
pair should have come together for this 
exploration—though they agree to dis¬ 
agree—is remarkable indeed. The range 
is wide, the pace breathtaking. Perhaps 
Connes’ clearest statement of his position 
is this: ‘It’s humility, finally, that forces 
me to admit that the mathematical world 
exists independently of the manner in 
which we apprehend it, that it isn’t 
localized in time and space’. Yet he 
admits that the tools used to explore this 
world are products of human culture. In 
answer, Changeux traces the origins of 
speech and logic to homo erectus 400,000 
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years ago, and speaks of a time when our 
present conceptual abilities and the power 
of the sixth sense were not present at all. 
The brain is definitely a product of biologi¬ 
cal evolution, and as it has developed so 
have its capacities. Connes is willing to 
admit some differences between physics 
and mathematics, since for the former Na¬ 
ture is the final arbiter. Yet if one clings 
too hard to his general viewpoint, one must 
ask: where were Newton’s and Maxwell’s 
equations before Newton and Maxwell? 
Here one is reminded of Heisenberg’s dic¬ 
tum: ‘nature is prior to man, but man is 
prior to natural science’. 

Among many other insightful accounts, 
the description of Hadamard’s analysis 
of the process of mathematical creation 
is enthralling: the four stages of conscious 
mental preparation, unconscious incuba¬ 
tion, sudden illumination, and then the 
verification and polished presentation of 
results. To go through such experiences 
is truly moving. And there is a very real 
role here for emotion and fear too. Chan- 
geux describes the results of neurobiologi- 
cal research on the structure, organization 
and complexity of the brain, and successes 
in relating ‘mental experiences’ to 
localizable activity in the brain. He even 
suggests that Darwinian selection may 
operate in the realm of mathematical 
argument and debate. On the way the 
duo educate one another—and enchant 
the reader—on the latest lessons of 
neuroscience and the structures of math¬ 
ematics and physical theories. 

The book concludes with an essay by 
Changeux on the need for a new rational 
understanding of ethics, free from dogma 
and mythology. He pleads for an approach 
based on experience, both of the species 
and ot the individual, leaving room for 
growth. His quoting Darwin to the effect 
that man is a moral being’, and remarks 
on the predisposition towards sympathy 
and cooperation among individuals, are 
encouraging—-almost too good to be true. 

Would that such a universe of informed 
debate, reaching beyond grasp of technical 
details of science to broader and general 
perspectives, could one day be created 
in our own midst! 

N. Mukunda 

Centre for Theoretical Studies and 
Department of Physics, 

Indian Institute of Science, 

Bangalore 560 012, India ’ 


Annual Review of Physiology 1995. 

Hoffman, J. F. and Weer, P. D. (eds). 
Annual Review Inc., 4139, El Camino 
Way, P.O. Box 10139, Palo Alto, Califor¬ 
nia 94303-0139, USA. Volume 57. 905 
pp. Price: USA $49, elsewhere $54. 


The Annual Review of Physiology has a 
long sustained tradition of publishing 
good articles on selected topics and/or 
areas relating to different fields of physiol¬ 
ogy, thereby highlighting the important 
developments in a particular field. I was 
particularly delighted to accept the offer 
to review the 1995 volume, for the reason 
that it has review articles on membrane 
ionic channels and cellular and neuro¬ 
physiology which are closer to my 
research interests. 

The Review begins with an 
autobiographical sketch by Hans J. 
Schatzmann, where he has attempted to 
convey the excitement of his many years 
of research on the ion pump mechanisms 
in biological membranes. 

The comparative physiology section has 
topics related to thermal adaptation in 
membranes (J. R. Hazel), temperature- 
protein interactions (G. N. Somero), where 
the recent discoveries of temperature 
effects on protein structure-function and 
gene regulation in the experimental con¬ 
texts are reviewed and attempt made to 
relate them to concerns of comparative, 
evolutionary and environmental physio¬ 
logists. There is additionally a review on 
the evolution of endothermy in mammals 
(J. Ruben). 

Among the topics covered in the section 
on Respiratory Physiology, there is a 
review by N. J. Gross on a recently 
identified enzyme surfactant convertase, 
a serine protease which acts on lung 
surfactant, converting one of the subtypes, 
tubular myelin (TM) to the small vesicle 
(SV) subtype. Drazen, Gaston and Shore 
review three different chemical regulatory 
mechanisms of pulmonary tone, viz. cys- 
teinyl leukotrienes (LTD4 being most 
potent), neuropeptides and nitrogen 
oxides, and the physiological significance 
of these in regulating airway tone in 
human asthma. While the individual 
effector systems are known, it is not clear 
how the three different effector systems 
function in an integrated fashion, which 
is where future research would be 
directed. 


In the Endocrine Physiology section, 
Inagami, Naruse and Hoover review the 
current status of research on the thin 
unicellular layer, endothelium which 
forms a permeable and physical barrier 
protecting vascular smooth muscle cells, 
as an endocrine organ with multiple func¬ 
tions. 

There is also a review by Woodmff 
and Mather on the recently discovered 
modulators of follicle stimulating hor¬ 
mone release, viz. inhibin, activin and 
follistatin. There are recent references on 
relationship between aberrant production 
of inhibin and cancer. 

The section on Renal and Electrolyte 
Physiology has articles dealing with the 
role of reactive oxygen metabolites (S. V. 
Shah), transforming growth factor-beta 
and Angiotensin II (Ketteler, Noble and 
Border), and platelet growth factor in the 
pathogenesis of renal disease (H. A. Ab- 
boud). 

The Cell Physiology section has an 
interesting and up-to-date review on 
mechanosensitive or stretch-activated 
channels by Henry Sackin. A hypothetical 
scheme with different pathways for how 
stretch-activated cation channels and 
stretch-activated K channels might be in¬ 
volved in volume regulation of the cell 
and K homeostasis is presented. I found 
this scheme particularly interesting. The 
earlier debate on the mechanosensitivity 
being an artefact of the patch-clamp tech¬ 
nique, has been recently put to rest by 
the work of Sukharev et al {Nature, 
1994, 368, 265—268), by demonstrating 
that mechanosensitivity is an intrinsic 
property of certain channels that can be 
reconstituted into different lipid environ¬ 
ments. Mechanosensitive channels are 
attracting a lot of current interest amongst 
cellular physiologists, and considering 
their mechano-transducer property, are 
found in cell systems where mechano- 
sensation is required, viz. muscle spindles, 
vascular endothelium and auditory cells. 
They are also found in plant and fungus 
cells. Stretch-activated plant channels are 
suggested to be important in mediating 
the geotropic response by transducing 
mechanical (i.e. gravitational) signals, an 
interesting biological feature. 

Membrane ionic channel-linked dis¬ 
eases are beginning to be understood, 
and pathological situations arising from 
channel dysfunction are beginning to be 
classified under ‘channelopathies’. Like 
the CFTR chloride channels, abnormalities 
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in the skeletal muscle membrane sodium 
channel can produce clinical disease. 
Sodium channels that are too easily acti¬ 
vated can produce repetitive membrane 
electrical activity or myotonia; while 
channels that resist activation can result 
in periodic weakness or paralysis. The 
review by Barchi discusses the concepts 
of muscle sodium channel structure and 
function and the role of abnormal sodium 
channels in the pathogenesis of human 
skeletal muscle disease along with certain 
recent results on the mutations in the 
D4-S4 (helical segment 4, of the 4th 
domain) in paramyotonia congenita. 

Gadsby, Nagel and Hwang review the 
biophysical and pharmacological charac¬ 
terization of the CFTR (cystic fibrosis 
transmembrane transporter) chloride chan¬ 
nel, and they predict their functional role 
in the heart and thereby its pathology in 
hearts of patients with cystic fibrosis. 

Braun and Schulman review the recent 
work on functional aspects of CaM kinase, 
an ubiquitous serine/threonine protein 
kinase implicated in regulation of diverse 
functions such as muscle contraction, 
secretion, synaptic transmission to gene 
expression. Intracellularly, CaM kinase 
functions as a type of frequency detector 
in response to calcium spikes or oscilla¬ 
tions. 

In the Neurophysiology section, Jackson 
and Yakel review the current status on 
the 5-HT3 receptor channel, which like 
acetylcholine receptor involves direct cou¬ 
pling of the receptor to an ion channel, 
unlike the commonly known slow 5-HT 
receptors where the receptors operate 
through slow transduction pathways in¬ 
volving G-proteins, second messengers 
and protein kinases. The 5-HT3 receptor 
gene belongs to the nicotinic/GABA 
receptor gene superfamily. The receptor 
is made up of 5 homologous subunits, 
each consisting of four membrane span¬ 
ning segments. A long N-terminal domain 
contains a cystine bridge. The M2 region 
shows very high homology with the M2 
segment of other ligand-gated channels. 
The desensitization kinetics of the 5-HT3 
receptor changes with time, indicative of 
modulation by cytoplasmic factors. 

The review by Edmonds, Gibb and 
Colquhoun on the mechanism of activa¬ 
tion of muscle nicotinic acetylcholine 
receptors and the time course of end plate 
currents, discusses the principles that un¬ 
derlie the time course of synaptic currents 
and the methods used to understand it. 


The authors in their conclusion extend a 
pointer towards the lack of quantitative 
demonstration of the expected relationship 
between burst length and end plate current 
decay, and an understanding of the 
mechanism of desensitization. 

Almost on similar lines is a succeeding 
review by Edmonds, Gibb and Colquhoun 
on the mechanisms of activation of the 
glutamate receptors which can be broadly 
classified into NMDA type owing to their 
sensitivity to the synthetic agonist, N- 
methyl-D-aspartate and the non-NMDA 
type. 

The review by McGehee and Role 
focuses on the nAChR subtypes expressed 
by neurons from the physiological 
perspective. The subunits of nAChRs are 
classified into 2 subfamilies, alpha type 
subunits named on the basis of substantial 
homology with the alpha subunit of 
muscle nAChR, al is homologous with 
the muscle a-1 subunit, while a2-a8 are 
distinct neuronal a subunit encoding 
genes. The (3 subunit does not have 
homology with the muscle subunit and 
has 3 members—(32, (33, (34. A combined 
heterologous expression of a neuronal 
a subunit and a neuronal (3 subunit is 
necessary to form an ACh-gated channel, 
with properties similar to native neuronal 
nAChR. Further, AChRs with divergent 
electrophysiological properties can be 
generated by expressing different com¬ 
binations of the subunit types. The diver¬ 
sity in nAChRs is important in synaptic 
development and transmission; in target¬ 
ing to different structural domains of the 
neuron, and short-term changes in 
modulatory alteration in nAChR function 
by intracellular modulators such as protein 
kinase A, which is activated by different 
peptide transmitters. 

In the section on Gastrointestinal 
Physiology the four reviews are primarily 
devoted to mucus, the slimy viscous secre¬ 
tion that covers epithelial surfaces and 
has important protective and lubricative 
properties. 

The review by Lichtenberger on the 
hydrophobicity of gastrointestinal mucus, 
gives an interesting account of surface 
wettability analysis used in physical scien¬ 
ces, to study the hydrophobic nature of 
mucins using contact angle analysis. It 
also includes a discussion on ulcerogenic 
agents, e.g. aspirin and infection with the 
bacteria H. pylori which causes ulcers by 
decreasing mucosal hydrophobicity. The 
surface hydrophobicity is region-specific 


and reaches high value in the stomach 
and colon. 

The review on mucin biophysics (Ban- 
sil, Stanley and LaMont) although 
appropriate in the context of the overall 
focus of the section, could have been 
placed in Annual Review of Biophysics 
and Molecular Structure. 

One of the main attractions of this 
volume is the special topic section on 
nitric oxide, which has been attracting a 
lot of interest in recent years. Rand and 
Li review nitrergic transmission (NO as 
a neurotransmitter) in peripheral nerves, 
its first demonstration, the pharmacologi¬ 
cal tools to study aspects of nitrergic 
neuroeffector transmission and mecha¬ 
nisms of release. The review of 
Garthwaite and Boulton, however, focuses 
on nitric oxide as a signaling molecule 
in the central nervous system, regulation 
of formation, its spread by diffusion, NO 
signal transduction and acute regulation 
of neuronal and neuroendocrine function; 
its role in ion channel modulation and 
synaptic plasticity. 

Griffith and Stuehr review the proper¬ 
ties and action mechanisms of nitric oxide 
synthase (NOS) enzyme. The role of NO 
has recently been implicated in various 
pathophysiological conditions, viz. vas¬ 
cular, inflammatory and neurodegenera- 
tive disorders, and this has been reviewed 
by Gross and Wolin. 

In the section on Cardiovascular 
Physiology, Russell Ross in reviewing 
the cell biology of atherosclerosis discus¬ 
ses the cells involved (the endothelium, 
the smooth muscle, monocyte-derived 
macrophage, T-lymphocyte and platelets), 
their complex interactions and the 
molecules they form. The current under¬ 
standing of the response-to-injury 
hypothesis is reviewed. 

The review by Pfeffer, Fisher and Pfef- 
fer suggests that the angiotensin cardiac 
enzyme (ACE) inhibitors are proving to 
be beneficial in treating patients with 
myocardial infarctions. The white blood 
cells (lymphocytes, granulocytes, neutro¬ 
phils and eosinophils) have to continuously 
circulate and migrate to identify infectious 
pathogens and accumulate at sights of 
infection. This involves signaling at the 
endothelial cell lining, and the complex 
signaling mechanisms to effect this, is 
reviewed with a set of interesting models 
by Springer. 

In reviewing this volume, I have 
probably been biased towards topics that 
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currently occupy my interest, but I have 
hopefully conveyed what to expect in the 
different sections of the volume. The 
Annual Reviews are highly informative, 
and the 1995 volume is no exception. 
Serious research workers in emerging 
fields of physiology which is increasingly 
becoming molecular, would find this 
volume particularly useful. 

S. K. SlKDAR 

Molecular Biophysics Unit, 

Indian Institute of Science, 

Bangalore 560 012, India 


India and Antarctica during the 
Precambrian. Yoshida, M. and Santosh, 
M. (eds). Memoir 34, Geological Society 
of India, P.B. No. 1922, Bangalore. 
1995. Price: Rs 400; $50. 


Amalgamation and dispersal of supercon¬ 
tinents present a fascinating story of the 
Earth’s evolution. Reconstruction of 
palaeogeographic disposition of continents 
is an absorbing game of the latter-day 
tectonics buffs. The aggregation and dis- 
sembly of the Gondwana supercontinent 
continue to tickle the imagination of 
several front-ranking geoscientists. The 
cratons and mobile belts which constitute 
the Gondwana ensemble are themselves 
products of rifting, subduction and colli¬ 


sion of smaller masses in several orogenic 
cycles. Such facts and fantasy are being 
interwoven in the multi-author volume 
under review. 

Raphael Unrug sets the tone by out¬ 
lining the changes through time in the 
configuration of Rodinia and Gondwana. 
John Rogers and others describe the Pan 
African Zone linking the East and West 
Gondwana. The reassembly of the Eastern 
Gondwanaland is narrated by Masaru 
Yoshida. The fit of Australia and 
Antarctica is brought out in detail by 
Lyal Harris. The section on structure deals 
with amphibolite-granulite transition in 
south India as related to deep structures 
(Katz), terrains in parts of East Antarctica 
(Dirks), intercontinental shear zones 
(Chetty) and evolution of ‘arenas’ in Sri 
Lanka (Tani and Yoshida). The section 
on metamorphism has three papers on 
Eastern Ghat granulites (S. Dasgupta, 
Fonarev et al., Sanyal and Fukuoa) and 
one paper on the Prydz Bay in Antarctica 
(Harley and Fitzsimons). In the related 
theme on fluid processes in the lower 
continental crust, there are two papers by 
Touret, Wada and Santosh. 

The section on geochemistry has three 
papers: Peterman Ranges chamockites 
(Joshi and Pant), high-grade metapelites 
of southern Karnataka (Mahabaleswar and 
others) and Eastern Ghats chamockites 
(A. T. Rao and others). There is a lone 
paper on geophysical studies by India in 
Antarctica (Gupta and Verma). In the 
section on magmatism there are three 


papers: tabular granites of Antarctica 
(Grantham), acid magmatism in Rajasthan 
(Bhushan) and Pan-African gemstone 
provinces (Menon and Santosh). The book 
concludes with the section on geochrono¬ 
logy, where three papers (Jayananda et 
al., Bartlett et al., and Unnikrishnan— 
Warrier et al) provide new ages and 
insights into the chronological evolution 
of the granulite terrain of south India. 

This edited volume will provide a new 
impetus to global cooperation in unravel¬ 
ing the past history of continents in the 
Precambrian which will have long-term 
implications for future mineral dis¬ 
coveries. This volume will also hopefully 
trigger greater enthusiasm in the 
Gondwanic neighbours to share their past 
geological heritage. The theme of the 
book forms a major IGCP Project sup¬ 
ported by UNESCO and IUGS whose 
outcome will be watched eagerly by the 
Gondwana geologists the world over. 

The volume is neatly edited and pub¬ 
lished to international standards by the 
reputed Geological Society of India. Apart 
from unevenness in quality and lack of 
cohesion inherent in any multi-author 
effort, this volume is flawless in presen¬ 
tation and is an asset to every earth 
science library. 

M. Ramakrishnan 

Geological Survey of India 
27, Jawaharlal Nehru Road, 

Calcutta 700 016, India 
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A profile of Chandra 

Subrahmanyan Chandrasekhar was a 
legend in his own times. The very 
prominent and detailed obituaries that 
appeared in leading newspapers all over 
the world bear testimony to this. Unfortu¬ 
nately, very few of these obituaries 
brought out the staggering range and depth 
of his contributions. Even in the scientific 
community he seems to be remembered 
most for his early work on white dwarfs 
and the Nobel Prize that was awarded 
for it 53 years later. 

But Chandrasekhar was much more than 
a person who made a great discovery. 
He was one of the colossal figures of 
20th century science. Few can match his 
sustained productivity for 65 years. His 
achievements have a permanence in their 
character, and in his productivity and 
intense scholarship he has been compared 
with Lord Rayleigh and Poincare. As a 
mathematical physicist he has been 
acclaimed as one of the greatest of all 
times and as a direct spiritual descen¬ 
dant of Newton. We have gathered here 
today to pay homage to him. In this 
introductory talk I wish to take the liberty 
of giving you a brief sketch of his scien¬ 
tific career, as well as his unique scientific 
style. 

Chandra, as he was known the world 
over, was born on the 19th of October 
1910. He was born into a very cultured 
and gifted family. He burst into the inter¬ 
national scientific scene at the young age 
of 18 when he was in the second year 
of his B.Sc. course in Presidency College, 
Madras. The year was 1928. Compton 
had just been awarded the Nobel Prize 
for the discovery of the effect now named 
after him. During that summer Chandra 
visited his uncle C. V. Raman in Calcutta. 
The Indian Association for Cultivation of 
Science was buzzing with excitement. 
Just a few months earlier Raman had 
discovered the famous effect for which 
he was to receive the Nobel Prize two 
years later. It was a most stimulating 
experience for young Chandra to spend 
the summer in the company of the dis¬ 
tinguished group working with Raman. 
During that summer he wrote his first 
scientific paper entitled the Ther- 


Talk given at the Memorial Meeting held on 
8 November 1995 at the CSIC Auditorium, 
IISc Campus, Bangalore. 


modynamics of Compton scattering 
with reference to the interiors of stars. 
Soon after his return to Madras the great 
German physicist Arnold Sommerfeld 
visited Presidency College. It is from him 
that Chandra leamt of the discovery of 
the new statistics by Fermi and Dirac, 
and the application of this new statistics 
to the electron gas in metals by Som¬ 
merfeld himself. The same year he also 
had the privilege of meeting Heisenberg 
in Madras and taking him around various 
sights. Inspired by Sommerfeld’s work 
on the electron gas in metals, Chandra 
looked for another interesting problem to 
apply the new statistics of Fermi and 
Dirac. The newly discovered Compton 
effect suggested an interesting problem 
to him. Within a couple of months his 
researches led him to write a paper on 
Compton Scattering and the New Statis¬ 
tics. What is extraordinary is that he was 
so confident of the correctness and the 
significance of his results that he sent 
the paper to R. H. Fowler in Cambridge 
requesting him to communicate it to the 
Proceedings of the Royal Society of 
London! Fowler got young Nevill Mott 
to referee it and communicated it to the 
Royal Society; the paper was published 
a few months later. Chandra was barely 
18 years old at that time. And he never 
looked back after that! 

Around the same time Chandra became 
aware of the seminal paper by Fowler 
applying the Fermi-Dirac statistics to ex¬ 
plain the stability of the newly discovered 
white dwarfs-objects which could not 
be understood in terms of the highly 
successful theory of stars due to Sir Arthur 
Eddington. Straightaway he was able to 
extend Fowler’s ideas to obtain for the 
first time a relation between the mass 
and radius of white dwarfs. He was able 
to show that the white dwarf configura¬ 
tions were possible for all values of the 
mass, thus all stars could find peace 
eventually as white dwarfs. 

At the age of 19 he set off on a long 
voyage to Cambridge to work towards a 
Ph D under Fowler’s supervision. It was 
during this voyage that he made the 
startling discovery that white dwarfs can¬ 
not be more massive than 1.4 solar mass. 

The next five years was the most bril¬ 
liant phase of Chandra’s career. The 
papers he wrote during this period and 


the spectacular results he obtained are 
now widely recognized to be at the base 
of the present revolution pertaining to 
neutron stars, type II supemovae, black 
holes. But unfortunately they were not 
seen to be so at that time. The main 
reason was that Sir Arthur Eddington in 
Cambridge, the most distinguished 
astrophysicist at that time, didn’t believe 
in the startling results obtained by 
Chandra. Indeed this resulted in a major 
controversy which was to have a lasting 
effect on Chandra. Faced with the enor¬ 
mous pressures of finding himself at the 
centre of a major controversy with the 
most leading astrophysicist in the world 
Chandra decided to leave the subject of 
stellar structure altogether and move on 
to other things. He also decided to leave 
Cambridge. Just around that time he 
received an offer of a Research Asso- 
ciateship from Yerkes Observatory of the 
University of Chicago. At that time the 
Director of the Observatory was Otto 
Struve, a very distinguished astronomer. 
He was in the process of hiring some of 
the world’s most brilliant young astro¬ 
nomers and astrophysicists, and Chandra 
was one of them. For the next twenty 
years Yerkes Observatory was to be one 
of the most distinguished centres of 
astronomy in the world. Having decided 
to leave the subject of stellar structure 
Chandra gathered together all his results 
and published a book entitled An Intro¬ 
duction to the Study of Stellar Struc¬ 
ture. This book is universally acclaimed 
to be a masterpiece of the first rank. He 
was only 28 years of age at that time. 

Next he turned to the problem of the 
dynamics of star clusters. During the 
period 1938 to 1944 he contributed 
mightily to this subject. Stellar dynamics 
as a discipline was bom. In 1942, barely 
four years after the publication of his 
first book on stellar structure, he published 
his famous monograph on Principles of 
Stellar Dynamics. It is an unusual book 
by Chandra in the sense that he didn’t 
leave the field immediately. Perhaps I 
should say he wrote that book a little 
prematurely! For soon after the publica¬ 
tion of this book he wrote a series of 
classic papers, some of them with the 
great mathematician von Neumann, on 
the statistics of the gravitational field. It 
is in these papers that the seminal idea 
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of dynamical friction was introduced and 
its consequences explored. 

The next period 1943 to 1948 was 
devoted to an investigation of the ex¬ 
tremely difficult problem of radiative 
transfer in stellar and planetary atmos¬ 
pheres. It is incredible that in a short 
span of five years he managed to get 
exact analytical solutions to a large num¬ 
ber of problems which had remained un¬ 
solved for nearly three-fourths of a 
century. Chandra often said that this phase 
of his career gave him the greatest satis¬ 
faction. His monumental book on Radia¬ 
tive Transfer was published in 1950. 

During the next decade he devoted his 
attention almost entirely to the statistical 
theory of turbulence and hydrodynamic 
and hydromagnetic stability. Again he 
was very quick to appreciate that unless 
substantial progress was made in these 
extremely difficult branches of physics 
many interesting astrophysical problems 
could not be approached. The year 1961 
saw the publication of his mammoth book 
on Hydrodynamic and Hydromagnetic 
Stability. 

In the beginning of 1960s he was asked 
to give a series of four lectures at Yale 
University, and he chose for the topic of 
his lectures “Rotation of astronomical, 
bodies”. While preparing for these lectures 
he became aware of the classic works of 
giants like Maclauren, Riemann, Jacobi 
and others. He realized that the subject, 
nevertheless, had been left in an incom¬ 
plete state with many gaps and omissions 
and some plain errors and misconceptions. 
He devoted the next five or six years to 
clean up this extremely difficult field left 
incomplete by some of the greatest figures 
in the history of mathematics. The result 
was the publication in 1969 of his book 
Ellipsoidal figures of equilibrium. 

Around 1965 he got interested in 
General Relativity. I was a young graduate 
student in his department at that time. 
The great revolution in relativistic 
astrophysics, as we call it now, was just 
below the horizon. Chandra was very 
apprehensive about entering this field 
dominated by young brilliant stars like 
Penrose and Hawking. The first problem 
he chose to attack suited his taste, 
temperament and talent. He went back 
to a problem he had initiated in the 1930s 
while still in Cambridge. And that was 
to study the stability of rotating and 
vibrating stars within the framework of 
general relativity. He had started this 


work in collaboration with von Neumann 
when the latter visited Cambridge in the 
1930s. But the papers were never written. 

Soon he left Cambridge and von 
Neumann got busy with war efforts in 
America. In 1964 Chandra returned to 
this problem and considered the following 
two important questions: (1) What is the 
influence of general relativity on the criti¬ 
cal adiabatic index for the stability against 
radial perturbations of a non-rotating star?, 
and (2) Do dissipative effects of gravita¬ 
tional radiation reaction induce secular 
instabilities in rotating stars? Both these 
questions were well posed and were 
amenable to the kind of analysis in which 
he was the supreme master. This led to 
a series of extremely important papers 
which acquired great significance with 
the discovery of pulsars, quasars and 
active galactic nuclei. 

Next Chandra turned towards the theory 
of gravitational radiation. As you are 
aware, in Newton’s theory there is no 
gravitational radiation. Einstein and his 
collaborators had derived formulae for 
gravitational radiation in a linearized form 
of the theory. But there were reasons to 
be cautious about these results. As 
Chandra used to often tell us, it could 
well be that the solution of the linearized 
theory is spurious. Around 1964 Sir Her¬ 
mann Bondi wrote a classic paper in 
which he gave compelling arguments for 
the existence of gravitational radiation in 
the full nonlinear theory. The problem 
Chandra set out to solve was the follow¬ 
ing: If one developed Einstein’s theory 
of gravity as a series expansion in powers 
of v/c, with Newton’s theory as the zero 
order theory, then in what order of v/c 
will the existence of gravitational radiation 
become apparent? Within a couple of 
years Chandra and one of his students 
Nutku had demonstrated for the first time 
the existence of gravitational radiation in 
the 2 Vi post-Newtonian approximation. 
I vividly recall the tremendous impact 
this result had on the general relativity 
community. Chandra was 60 years old 
then. 

Just around that time relativistic 
astrophysics was coming of age. Penrose 
and Hawking had published their famous 
papers on Singularity Theorems. Pulsars 
had been discovered. Convincing argu¬ 
ments had been made that quasars and 
active galactic nuclei must harbour mas¬ 
sive black holes. This led to a revival 
of activity in general relativity. It was 


just around that time one had begun to 
talk about ‘black holes’. Some of the 
most brilliant students went to work in 
this area. You will recall that Chandra’s 
research career began with the study of 
white dwarfs. Fundamental discoveries he 
had made in the early 1930s led one 
inescapably to the concept of black holes 
and singularities. It was therefore natural 
that Chandra, too, should enter this field. 
The problem he chose to concentrate on 
concerned the stability of black holes 
against external perturbations such as 
gravitational and electromagnetic waves. 
Characteristically, after working intensely 
in this area for a number of years and 
publishing a series of technically difficult 
papers, he wrote a monumental book: 
The Mathematical Theory of Black 
Holes. This book was published in 1983 
and became an instant classic. It was 
reviewed by Roger Penrose, the man who 
started the second revolution in general 
relativity. Penrose ended his review in 
Physics Today as follows: “ There is no 
doubt in my mind that this book is a 
masterpiece. It is clearly intended to last 
a long time. It will.” 

Chandra was 75 years old at this stage. 
Many in the physics community were 
wondering what he would turn to next. 
Or would he take it easy and retire? He 
did neither of these, but continued with 
unabated enthusiasm. The problem he 
turned to next was the difficult problem 
of collision of gravitational waves. When 
he decided to make this field his own 
there were only 2 or 3 papers written 
on the subject - one by his former student 
Nutku, and the other by Penrose himself. 
In these papers very special assumptions 
were made, and this bothered Chandra 
very much. Characteristically, he wanted 
to solve this problem in all its generality. 
By 1988 he had done so. At the age of 
78 he had managed to solve the problem 
that Penrose had given up on! 

Finally, at the ripe age of 80 Chandra 
turned to the most difficult and the most 
ambitious project he had ever under¬ 
taken-to write a commentary on 
Newton’s Principia . Like many Chandra 
regarded this book as the greatest intel¬ 
lectual achievement of the human mind. 
Like everything else he had started, 
Chandra completed this project success¬ 
fully and his book on Newton’s Principia 
was published just a few weeks before 
he died. 

He began his research career at the 
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age of 18. He sustained a very high level 
of productivity till the age of 85. During 
the intervening 65 years he wrote nearly 
400 papers, none of them trivial and most 
of them very significant and prescient. It 
is difficult to point to very many scientists 
in this century who can match his sus¬ 
tained effort for over six decades at the 
limit of his abilities. Nevill Mott is the 
only other name that occurs to me. 

As must be obvious to you, Chandra 
was a unique physicist even amongst the 
very great ones. He was unique in his 
attitude to science, his quest for perspec¬ 
tives and beauty in science. The most 
distinctive character of Chandra’s scien¬ 
tific works was his attitude towards 
science in general. As we saw there were 
seven periods in his life. They are briefly: 
(1) Stellar structure, including the theory 
of white dwarfs [1929-39]; (2) Stellar 
dynamics, including the theory of 
Brownian motion [1939-43]; (3) Theory 
of radiative transfer, the theory of illu¬ 
mination and the polarization of sunlit 
sky, the theories of planetary and stellar 
atmospheres, and the quantum theory of 
negative ion of hydrogen [1943-50]; (4) 
Hydrodynamic and hydromagnetic sta¬ 
bility [1952-61]; (5) The equilibrium and 
the stability of ellipsoidal figures of equi¬ 
librium [1961-68]; (6) The general theory 
of relativity and relativistic astrophysics 
[1962-71]; and (7) The mathematical 
theory of black holes [1971-83], In all 
except the sixth phase, in addition to 
publishing 50 or 60 papers in which 
major problems were solved, he wrote 
monumental treatises in which each sub¬ 
ject was presented from a unified perspec¬ 
tive, which was his own. About this 
attitude of striving to understand things 
m his own way, within his own 
framework, Chandra has written- 


‘After the early preparatory years my 
work has followed a certain pattern 
.motivated, principally, by quest after 
perspectives. In practice, this quest has 
consisted of my choosing (after trials 
and tribulations) a certain area which 
appears amenable to cultivation and 
compatible with my taste, abilities, and 
temperament. And when after some 
years of study I feel that I have ac¬ 
cumulated sufficient body of knowledge 
and achieved a view of my own I 
have the urge to present my point of 

view a b i n iti 0 m a co j lerem account 

with order, form and structure. ” 
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A couple of examples may illustrate 
this attitude. As I mentioned, after com¬ 
pleting his classic book Introduction to 
the Study of Stellar Structure (with 
which he concluded the stellar structure 
phase of his research), he turned his 
attention to the motion of stars in the 
galaxy. Unlike other astronomers who 
were worrying about specific problems, 
Chandra approached stellar dynamics as 
a discipline in itself bringing forth and 
trying to solve its own theoretical 
problems. Thus, he was able to formulate 
certain abstract problems which appear 
to have an interest for general dynamical 
theory even apart from the practical con¬ 
text in which they arise”. This style of 
approaching the subject as a whole has 
always had the effect of unifying the 
field, and making transparent connection 
between the problem under study and 
other seemingly unconnected areas in 
physics. After the publication of Prin¬ 
ciples of Stellar Dynamics he devoted 
the next four or five years to the problem 
of specifying the radiation field in an 
atmosphere. 

Although this problem originated in 
ord Rayleigh’s investigations in 1871, 
the formulation of the fundamental equa¬ 
tions and their solutions had to wait till 
Chandra turned his attention to it in the 
early 1940s. Approaching the problem of 
radiative transfer as a branch of mathe¬ 
matical physics he developed novel tech¬ 
niques to generalize and exploit certain 
principles of invariance which had been 
formulated by the Armenian astrophysicist 
Ambartzumian. Recently a new branch 
of mathematics known as Invariant Em¬ 
bedding has blossomed, inspired largely 
by Chandra’s book on Radiative Trans¬ 
fer. Let us consider the Ellipsoidal 
Figures of Equilibrium next. He begins 
this book with a historic introduction of 
the problem which attracted the attention 
of past masters like Riemann, Dedekand, 
Jacobi, Maclauren and others. In the 
epilogue of the book he wrote: “But the 
subject, nevertheless, had been left in an 
incomplete state with many gaps and 
omissions and some plain errors and 
misconceptions. It seemed a pity that it 
should be allowed to remain in that 
destitute state. Whether the efforts ex¬ 
pended in its rehabilitation was worth 
the time the author cannot presume to 
judge . When the book was printed he 
called me to his office and showed me 
an advance copy and remarked, “I am 


showing it to you because you are unlikely 
to see this in the News Stands!”. But he 
was wrong in being pessimistic; with the 
discovery of fast pulsars and active galac¬ 
tic nuclei this book, like all the others 
he wrote, became widely used. As his 
biographer Wali has eloquently put , 
Chandra s works have an architectural 
quality to them - he is simply not putting 
a nail here, a window there. Others may 
iave contributed a great deal to its shape 
and dimension but the whole structure is 
put together in an uncannily durable and 
inspired way, which is his own"Those 
who have mad e great discoveries and 
experienced a moment of glorious insight 
into some of nature’s secrets often want 
to experience it again and again. To 
hack away at something less important, 
less fundamental than the previous dis¬ 
covery appears demeaning to them. For 
Chandra there was no such deliberate 
homage to past glorious moments and 
momentous discoveries Attaining com¬ 
plete understanding of an area, grasping 
and internalising it was the essence of 
Chandra s scientific life. “If one’s motiva¬ 
tions are not galvanized to pursue science 
for its own sake”, then, according to 
Chandra, “ one’s scientific life has not 
matured properly”. 

Why did Chandra choose this style of 
functioning? Many have speculated that 
his controversy with Eddington in the 
thirties may have been the turning point. 

By the age of 21 Chandra had made two 
of the most far reaching and profound 
discoveries in astrophysics in this century. 
•Eddington instantly recognized the full 
significance of these discoveries. But in¬ 
stead of publicly acclaiming them, he 
denounced them because they were not 
philosophically acceptable to him. For 
young Chandra who was only in his 
mid-twenties at that time “to be involved 
in a major controversy with the most 
distinguished figure in astronomy and to 
have his work completely and totally dis¬ 
credited by the astronomical community 
was a very discouraging experience He 
decided to leave the field, and never 
looked back. One is inclined to attribute 
the origin of Chandra’s distinctive pattern 
of work to the early traumatic controversy 
with Eddington. Whether this conjecture 
is right or wrong, the world of science 
has been immensely enriched by this 
lonely wanderer in the byways of 
science”, as he used to refer to himself. 
Along with research, teaching was an 
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integral part of Chandra’s life. In 1937 
he left Cambridge and joined the Univer¬ 
sity of Chicago, where he stayed till his 
death. At Yerkes Observatory he set up 
a series of 18 courses for graduate students 
and taught most of them himself! He 
prepared his classroom lectures with 
painstaking thoroughness, and they were 
delivered in a masterful way; every step 
and every argument was written on the 
board in his beautiful handwriting. He 
was a stickler for time and would finish 
precisely after 60 minutes. He seldom 
gave examinations, but expected his stu¬ 
dents to attend all his lectures. The fol¬ 
lowing story may be of interest in this 
context: In 1967 there was a severe bliz¬ 
zard in Chicago and the whole city came 
to a grinding halt for five days, the 
University of Chicago had declared 
holidays. On the first day, I was walking 
around in the campus taking photographs 
when I accidentally ran into Chandra 
wading through waist-deep snow towards 
Ryerson Hall. He asked me “Aren't you 
coming to my lecture?". (He was teaching 
an advanced course on general relativity.) 

I had no option but to say, “Yes, of 
course!”. Although there were only three 
of us in the class that day (instead of 
the usual 40 or 50) he proceeded to give 
the lecture. A few days later I asked him 
why he did not cancel his lecture; after 
all, the University was closed. In reply, 
he narrated the following episode: In the 
mid-forties he was teaching a course on 
Statistical Mechanics and he used to drive 
75 miles from Yerkes Observatory to the 
University campus to deliver the lectures. 
One day there was a severe blizzard and 
he could not drive. This meant a com¬ 
plicated procedure of taking two trains, 
and walking the last two kilometeres in 
deep snow. He was very proud that despite 
all these obstacles he arrived five minutes 
before the scheduled time. And there 
were only two students in the class! Then 
he looked at me with a twinkle in his 
eyes and said, “Do you know, my entire 
class got the Nobel Prize?!". He then 
went on to admonish me: The great com¬ 
poser Handel was visiting Germany from 
England and was giving a recital in the 
neighbourhood where the great Johann 
Sebastian Bach lived. Bach came to know 
of this and walked more than ten miles 
to attend this recital. But he was too 
late; by the time he reached the venue 
Handel had left. Having narrated this 
Chandra said to me, “I am not Handel, 


but you are not Bach either! Why are 
you complaining?!". 

More than fifty students worked with 
Chandra for their Ph.D. degrees. He con¬ 
sidered his collaboration with young 
scientists an essential part of his scientific 
style, and much more important than his 
collaboration with giants like Enrico 
Fermi and John von Neumann. Needless 
to say, he expected his students to be as 
dedicated and work as hard as himself. 
Not surprisingly, this led to a process of 
“natural selection”. His students found it 
stimulating to work with Chandra. To 
quote one of my classmates Yavuz Nutku, 
“Chandra would transmit an enthusiasm, 
an enthusiasm, not in the ordinary sense 
that we will go and solve this or that 
difficult problem, but regarding how, in 
the end, after painstaking and lengthy 
calculations things would fall into place. 
Miraculous cancellations would occur and 
simple results would emerge.". 

It is equally true that Chandra found 
it very inspiring to work with young 
people. This was particularly true after 
he got into General Relativity. Chandra 
once said: 

“I consider myself very fortunate in 
having made up my mind to do 
relativity. Among other things, for the 
first time, certainly after the early for¬ 
ties, I felt 1 was working in an area 
in which many others were far more 
equipped than 1 was. I thought I had 
a chance of having a close scientific 
proximity with people of the highest 
caliber. Certainly, to have known well 
and consider among my friends people 
like Roger Penrose, Stephen Hawking 
and Brandon Carter, Kip Thorne, 
James Bardeen — it is a marvelous ex¬ 
perience, it is a kind of intellectual 
stimulation which I had not had before. 
Of course, I worked with Fermi. Fermi 
was a very great physicist, but here / 
am now in a community of young 
brilliant men. Even though in age I 
am very much elder than these people 
it has always been a satisfaction to 
me that these people treat me as their 
equal." 

When Lord Rayleigh was 67 years old 
his son asked him to comment on a 
remark by Huxley: “a man of science 
past sixty does more harm than good r ”. 
Rayleigh’s response was “that may be, 
if he undertakes to criticize the work of 
younger men, but I do not see why it 


need be so if he sticks to the things he 
is conversant with". Chandra was nearly 
60 years old when he entered relativity. 
He chose to do that so that he could be 
in the company of brilliant young men. 
He felt “once more rejuvenated, once 
again with young people tremendously 
bright, tremendously exciting ”. 

Chandra’s writings have become legen¬ 
dary not only for their thoroughness, 
lucidity and scholarship; they also have 
a distinctive style. Commenting on 
Maxwell’s papers on the dynamic theory 
of gases Botzman wrote: “even as a 
musician can recognize his Mozart, 
Beethovan, or Schubert after hearing the 
first few bars, so can a mathematician 
recognize his Cauchy, Gauss, Jacobi, 
Helmholtz or Kirkoff after the first few 
pages. ..". Similarly, a paper by Chandra 
is instantly recognizable through its dis¬ 
tinctive style. John Sykes once mimicked 
the style of Chandra’s papers in an amus¬ 
ing parody: “S. Candlestickmaker, On the 
imperturbability of elevator operators, 
LVIir. 

Elegance and love for and attention to 
the language played as important a role 
as scientific facts and weaving them into 
mathematical formulae. To quote Weiss- 
kopf: “He has an incomparable style. 
Good English style is a lost art in physics 
but he has it and this wonderful feeling 
for the essential and a feeling for beauty". 
In the same vein, Lyman Spitzer has 
remarked, “It is a rewarding aesthetic 
experience to listen to Chandra’s lectures 
and study the development of theoretical 
structures at his hands. The pleasure 1 
get is the same as I get when I go to 
an art gallery and admire paintings". 
Chandra practised style in a very 
deliberate way. ‘7 acquired my style from 
not only just reading, for instance, the 
essays of T. S. Eliot, Virginia Woolf and 
Henry James but also paying attention 
to how they write — how they construct 
sentences and divide them into para¬ 
graphs, do they make them short or long? 
For example, the idea of just using one 
sentence for a paragraph, or a concluding 
sentence without subject or object, just 
a few words . .. so it is .. .". 

His deep interest in literature and clas¬ 
sical music comes through in a transparent 
manner in his lectures and writings. To 
quote Weisskopf again, “right from the 
beginning, but even more later on, he 
became sort of the most pure example 
of the ideal scholar in physics . ., nothing 
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of vanity, nothing of pushiness, nothing 
of job seeking, publicity seeking, or 
recognition seeking .... w dee/? educa¬ 
tion, his humanistic kind of approach to 
these problems, his knowledge of world 
literature, and in particular English litera¬ 
ture, are outstanding . / mean yow ’d hardly 
find another physicist or astronomer who 
is so deeply civilized” He cultivated his 
interest in literature and music with the 
same discipline and intensity as in 
science-he disliked a “frivolous” attitude 
to anything. Let me illustrate his serious 
attitude to cultural experiences. During 
his visit to Bangalore some eight years 
ago he told me the following. A couple 
of years before that he and Lalitha had 
decided to spend a month in Europe and 
“do something serious”; they had 
managed to get tickets to see the entire 
“Ring Cycle ” of Richard Wagner in 
Beyreuth. Characteristically, to prepare 
themselves for this “experience”, they 
studied several biographies of Wagner, 
and systematically listened to as many 
recordings of all the operas as possible 
before going to Europe! 

An important aspect of Chandra’s 
science was his quest for beauty in 
science. One may ask the question as to 
the extent to which the quest for beauty 
is an aim in the pursuit of science. 
Chandra very seldom explicitly stated his 
own answers to such questions, but one 
may infer his views through his illustra¬ 
tions and examples of what other great 
scientists have responded to as ‘beautiful’. 
For example, in a memorable lecture 
devoted to this question he quotes G. N. 
Watson’s reactions to one of Ramanujan’s 
incredible identities: “... such a formula 
gives me a thrill which is indistinguishable 
from the thrill which I feel when I enter 
the Sagrestia Nuova of Capelle Medicee 
and see before me the austere beauty of 
’Day", “Night”, “Evening” and “Dawn” 
which Michelangelo has set over the 
tombs of Giuliano de’ Medici and Lorenzo 
de’ Medici 

He once asked me what I thought was 
the most profound discovery from anti¬ 
quity till today. Not being satisfied (dis¬ 
appointed?) with my answer he told me 
what Heisenberg thought was one of the 
truly momentous discoveries in the history 
of mankind: this was the discovery by 
Pythagorus that vibrating strings, under 
equal tension, sound together harmonious¬ 
ly if their lengths are in simple numerical 
ratios; in this discovery, for the first time, 


profound connection between the intel¬ 
ligible and the beautiful was made. 

Those who have studied his papers, 
and heard his lectures, will know that 
his concept of beauty in science was 
based on the following two criteria: 

There is no excellent beauty that hath 

not some strangeness in the proportion! 

- Francis Bacon 

Beauty is the proper conformity of the 

parts to one another and to the whole. 

- Heisenberg 

Chandra stressed that the experience of 
beauty in science is not limited to the 
context of great ideas by great minds. 
“This is no more true than the joys of 
creativity are restricted to a fortunate 
few. They are, indeed, accessible to each 
one of us provided we are attuned to 
the perspective of strangeness in the 
proportion and the conformity of the parts 
to one another and to the whole. And 
there is satisfaction also to be gained 
from harmoniously organizing the domain 
of science with order, pattern and cohe¬ 
rence .. 

Ladies and gentlemen, that was 
Chandra. A lonely wanderer in the byways 
of science, he may have been. But a true 
colossus. 

Chandra admired the lengthy obituaries 
that appeared, mostly in the nineteenth 
century, by eminent scientists about 
eminent scientists, carefully and fully 
analyzing their work. He himself carefully 
and critically analyzed and assessed the 
contributions of Fowler, Milne, Struve 
and Eddington. Few will contradict me 
if I said that there is no single person 
in the physics or astronomy community 
who can do so for Chandra. Since Chandra 
has often been compared with Rayleigh 
we may remind ourselves of what J. J. 
Thompson said of Rayleigh’s scientific 
contribution in his memorial address in 
Westminster Abbey: 

“Among the 446 papers which fill these 
volumes (the six volumes of his Scien¬ 
tific Papers), there is not one that is 
trivial, there is not one which does 
not advance the subject with which it 
deals, there is not one which does not 
clear away difficulties; and among that 
great number there are scarcely any 
which time has shown to require cor¬ 
rection .... Lord Rayleigh took physics 
for his province and extended the 
boundary of every department of 


physics. The impression made by read¬ 
ing his papers is not only due to the 
beauty of the new results attained, but 
to the clearness and insight displayed, 
which gives one a new grasp of the 
subject. . 

This is a remarkable testimony. I am 
sure the same may be said of Chandra’s 
nearly 400 papers and 7 monumental 
books. 

During the past twenty years, more so 
than ever before, Chandra became inter¬ 
ested in patterns in creativity. He tried 
to understand why great scientists like 
Maxwell, Stokes, Einstein, Eddington and 
others, ceased to be productive after they 
had made their great discoveries and lost 
touch with contemporary developments. 
He said that the clue may be found in 
what J. J. Thompson said: 

There are some great men of science 
whose charm consists in having said 
the first word on a subject, in having 
introduced some new idea which has 
proved fruitful; there are others whose 
charm consists perhaps in having said 
the last word on the subject, and who 
have reduced the subject to logical 
consistency and clearness. I think by 
temperament Lord Rayleigh belonged 
to the second group.” 

Chandra’s style, his definitive books, 
and his temperament to bring coherence 
and order to the fields in which he con¬ 
tributed have perhaps misled many to 
regard him as belonging to the second 
group: those whose charm consists in 
having said the last word on the subject. 

I wish to humbly disagree. Chandra 
belonged to both groups! He and Rayleigh 
are perhaps the two greatest pillars of 
classical mathematical physics. But 
Chandra also had the privilege of saying 
the first word on a subject several times. 

He discovered: 

1. The maximum mass for white dwarfs. 

2. That sufficiently massive stars cannot 
develop degeneracy, and will collapse to 
black holes. 

3. Dynamical friction in stellar systems. 

4. Relativistic instability against collapse. 

5. Gravitational radiation-reaction-driven 
instability in rotating stars. 

Chandra credited Eddington with the 
founding of modern theoretical 
astrophysics, and creating the discipline 
of the structure, the constitution, and 
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evolution of the stars. The second half 
of this century will be remembered as 
the golden age of high energy 
astrophysics, of relativistic astrophysics. 
This is the era of Neutron Stars, Super¬ 
novae and Black Holes. Chandra said the 
first words on these, and laid the foun¬ 
dations of contemporary astrophysics in 
the 1930s, ’40s, ’50s and ’60s. He then 
went on to erect major pillars on which 
the superstructure of modem astrophysics 
rests. In this respect he surpassed 
Rayleigh. I do not think that Chandra 
liked the image of someone who merely 
said the last words on a subject. It is 
just that it generally took several decades 
before people appreciated his work, and 
built upon it. The feeling that once 
Chandra wrote a book there is very little 
to do in the field has always been quite 
transcient. His books invariably had the 
effect of creating new fields. To quote 
from a very perceptive obituary in the 
Economist, “ When Chandra left a field 
it would be well ploughed and newly 
fruitful”. 

Chandra himself was very modest in 
assessing his own contributions. This was 
but natural since his standards were very 
high. I wish to quote from the concluding 
paragraph of his memorable lecture 
delivered in 1985 during the Golden 
Jubilee Meeting of the Indian Academy 
of Sciences: 

“The pursuit of science has often been 

compared to the scaling of mountains, 


high and not so high. But who amongst 
us can hope, even in imagination, to 
scale the Everest and reach its summit 
when the sky is blue and the air is 
still, and in the stillness of the air 
survey the entire Himalayan range in 
the dazzling white of the snow stretch¬ 
ing to infinity? None of us can hope 
for a comparable vision of nature and 
of the universe around us. But there 
is nothing mean or lowly in standing 
in the valley below and awaiting the 
sun to rise over Kinchinjunga. ” 

Chandra often quoted from a letter he 
had received from his friend Edward 
Arthur Milne in the 1930s: 

“On an occasion, now more than 50 
years ago, Milne reminded me that 
posterity, in time, will give us all our 
true measure and assign to each of us 
our due and humble place; and in the 
end it is the judgement of posterity 
that really matters. And Milne further 
added: He really succeeds who per¬ 
severes according to his lights, unaf¬ 
fected by fortune, good or bad. And 
it is well to remember that there is in 
general no correlation between the 
judgement of posterity and the judge¬ 
ment of contemporaries. ” 

There is no doubt in my mind that 
posterity will regard Chandra, along with 
Eddington, as the most distinguished 
astrophysicists of the 20th century. 

As Jost has said, Chandra belonged to 
the ideal community of geniuses who 


weave and compose the fabric of our 
culture. 

In a conversation nearly thirty years 
ago Chandra remarked to me that oc¬ 
casionally he felt depressed because of 
the pettiness of people around him. When 
this happened he would lock himself in 
his room and read two pages of Newton’s 
PRINCIPIA. He quoted Whewell’s reac¬ 
tion: 

. .As we read the Principia, we feel 
as when we are in an ancient armoury 
where the weapons are of gigantic size; 
and as we look at them, we marvel 
what manner of men they were who 
could use as weapons what we can 
scarcely lift as a burden. ” 

Thus two hours with Newton lifted 
Chandra’s spirits. He then asked me what 
I did on similar occasions. I replied that 
listening to Bach lifted my spirits. In 
1974 when I received the news of his 
heart attack, I sent him a recording of 
Bach’s MAGNIFICAT. He wrote to me 
that he enjoyed listening to it immensely. 

Friends, let us now listen to the 
GLORIA from the MASS in B Minor 
by Johann Sebastian Bach, and rejoice 
that such an extraordinary person lived 
in our times. 

G. Srinivasan 

Raman Research Institute, 

C. V. Raman Avenue, 

Bangalore 560 080, India 
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The Department of Science & Technology is implementing a scheme 'Utilization of Scientific Expertise 
of Retired Scientists' and provide grant-in-aid for preparation of state-of-the-art reports/monographs. 
The retired scientists (up to the age of 65 years) may contact below for information brochure: 

The Head 

Special Assignment Unit (Human Resources) 

Department of Science & Technology 
Technology Bhavan, New Mehrauli Road 
New Delhi 110 016 
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S. Chandrasekhar: A personal portrait 


I had the good fortune of knowing Profes¬ 
sor Chandrasekhar—known to his students 
and colleagues simply as ‘Chandra’—for 
24 years. Throughout this period, he was 
primarily interested in general relativity 
and, since this is the field in which I 
specialize, I came to know him quite 
well. The President of the Indian Physics 
Association therefore asked me to write 
about my own impressions and memories. 

I thought this was an excellent suggestion 
because, while much has been written 
about Chandra’s scientific work and the 
impact it has had on the Science of this 
century, not enough is known about 
Chandra as a person. In spite of Waifs 
insightful biography, to most Indian 
physicists, Chandra remains somewhat 
distant, shrouded in mysteries. I hope 
personal accounts such as this will help 
dispel some of the mystery and provide 
a fuller portrait of Chandra’s rich per¬ 
sonality. 

I first met Chandra when I arrived at 
the University of Chicago as a green 
graduate student in 1971. He had just 
turned sixty, I had done my undergraduate 
work in India and to me—as to most 
other Indian students in science— 

Chandra’s stature was god-like. We had 
heard of the innumerable discoveries he 
had made whose meaning and scope we 
understood only in the vaguest terms. 
But there was a feeling of awe and 
admiration and a conviction that for a 
single person to accomplish all this, he 
had to be super-human. And so, I was 
very surprised when I first met him. Yes, 
he did have that pristine air about him, 
and yes, everything he did—the way he 
dressed, the way he sat in seminars, even 
the hard-backed chairs he chose to sit 
on everything had an aura about it that 
set him apart. One immediately sensed a 
refined, dignified and austere personality, 
just of the type one would expect of a 
legendary figure like him. Yet, when it 
came to science, there was unexpected 
openness. He treated us, students in then 
newly formed relativity group at Chicago, 
as if we were his colleagues, his equals. 

He would come to all seminars, including 
the ones given by students. He would 
ask us technical questions with genuine 


Reproduced with permission from the Indian 
rhysics Association Journal. 


interest. When discussions began, he 
seemed to become genuinely young, al¬ 
most one of us. I still remember the 
smile that would light up his face in the 
middle of a talk when he heard a beautiful 
result. Sometimes, when we had cracked 
a hard problem, something that he found 
truly satisfying, he would tell us about 
it. The joy he experienced was so manifest 
and so contagious! His active interest in 
the progress made by students and post¬ 
docs is illustrated in the following inci¬ 
dent. Once, Basilis Xanthopoulos—a 
student in the group—and I solved a 
problem on permissible symmetries of 
isolated systems in general relativity. It 
was not a particularly difficult problem 
and it took us only a week. Chandra 
stayed after the seminar where results 
were presented, and asked us: ‘How does 
it feel to solve a problem so quickly?’ 
He was genuinely interested and spent 
quite some time with us. I could hardly 
believe that someone of his stature, who 
had worked on infinitely more difficult 
and central problems would be so inter¬ 
ested! At such moments, he did not seem 
god-like, high above us. He became one 
of us. There was direct communication. 

Chandra was a master story teller; I 
have yet to encounter his equal. He had 
such a fantastic memory for dates and 
details that in the anecdotes he recounted, 
everything became alive. And his anec¬ 
dotes ranged from incidents that took 
place in the lofty halls of the Trinity 
College in Cambridge to his small cabin 
in the ship he took across the North sea 
when he went to Russia. He would recount 
the events as if they had happened yester¬ 
day. We would later shake our heads in 
disbelief. For, here was Chandra telling 
us about a storm he encountered during 
the North sea passage in 1934, or his 
interesting meetings with the then Presi¬ 
dent of the University of Chicago in 
1946, with such clarity and in such detail 
that we could not have matched in describ¬ 
ing an event that took place in our own 
lives just a couple of years before! 

I still vividly recall the first time that 
I heard him tell a story. The students 
and post-docs in the relativity group had 
organized a pot-luck dinner. Chandra and 
his wife Lalitha came with a delicious 
vegetarian casserole. When it came to 
coffee time, there was some unease about 


how the event was going to end. Do we 
just say good-bye and leave? Students 
had planned the menu well but had not 
thought of anything specific as an after- 
dinner activity. So, there was some un¬ 
ease. Chandra got up spontaneously and 

told us some wonderful ghost stories_ 

one, told to him by Dirac! They were 
short, dry and crisp and we all gasped 
when the punch line came and then 
laughed. Then other people got up to tell 
other stories and the evening ended in a 
relaxed and friendly mood. 

It turned out that, although we both 
worked in general relativity, the specific 
problems I chose were quite different 
both in style and detail from the ones 
Chandra was primarily interested in. Yet, 
Chandra was always generous with his 
time for students like me. After I left 
Chicago, I saw him about once a year 
and each meeting lasted for several hours. 

I listened to Chandra with full attention. 
He had so many anecdotes, and ideas 
and comments on a wide variety of topics 
from each of which I could leam so 
much. The first few times, what he said 
sounded very intriguing and interesting 
but it did not really sink in. One of these 
early conversations took place after he 
had given his famous Ryerson lecture: 
Shakespeare, Newton, and Beethoven, or 
patterns of creativity. During this conver¬ 
sation, he was talking about why it is 
that in the arts and literature, the quality 
of work improves with age and experience 
while in science, generally, it does not. 
He felt that we often do science in isola¬ 
tion, focus narrowly on our immediate 
goals and that we are not sufficiently 
broad in our interests and pursuits. He 
said he thought one would do better 
science if one read Shakespeare, par¬ 
ticularly his penultimate play, The 
Tempest . I had read the play as a teenager 
and could not see Chandra’s point. So, 

I resolved to go back and re-read it. This 
I did—once and then again a second 
time. I still did not see the point! I could 
not understand how it would make my 
science richer. So, the next time we met, 

I told him what had happened. He merely 
said: ‘Oh really?’ and smiled. 

But then as years passed, I began to 
understand more. In the middle of doing 
something quite unrelated—perhaps 
giving a seminar—I would suddenly recall 
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something that Chandra had said and 
understand it for the first time. Invariably, 
I would perceive the depth of his remark 
and its multi-layered meaning. And then, 
as years passed, slowly I realized how 
close all this was to what we generally 
call scriptures. His remarks were ‘wise’ 
in the true meaning of the word. One 
often hears that the scriptures have a 
deep meaning and the deeper one looks, 
richer and multi-faceted they seem. I have 
not had this experience with any of the 
religious texts. The closest I have come 
is with Chandra’s remarks. Again and 
again, I thought I understood what he 
meant only to discover another, deeper 
layer later. And there remain great many 
things that I still do not understand even 
‘to first order’, so to say. I have still to 
appreciate that remark about the The 
Tempest for example. But I have not 
given up. One day, it may suddenly 
become clear! 


As years passed by, I looked forward 
to these meetings with Chandra with ever 
greater anticipation. After each of these 
meetings, I felt elated, inspired, ennobled. 
Sometimes, the conversation would go 
on till what I thought were late hours, 
for I knew that he was an early riser. 
But as the hours passed, Chandra’s voice 
would often become brighter, his eyes 
shinier. It was just fascinating to listen 
to him and to watch him. When the last 
of these long conversations took place, 
Chandra was deeply involved with 
Newton’s Principia . He had one anecdote 
after another to tell about Newton, about 
his own experience with Principia. He 
wanted to share his views on what sets 
great science apart from just good science. 
His passion for exploring issues, for un¬ 
derstanding things deeply, his constant 
quest, his extremely high standards espe¬ 
cially with regard to himself, were all 
there. It was at the same time very hum¬ 


bling and very inspiring to see Chandra 
in the role of the ‘Man on the ladder’—the 
photograph he kept in his office, which 
is reproduced and described in the opening 
pages of Wali’s biography. Chandra had 
reached such great heights and yet wanted 
to climb further, to see greater vistas, to 
understand things more deeply not be¬ 
cause it would elevate him further in the 
eyes of the others, but simply because 
that was his nature. I feel so fortunate 
that not only did someone like Chandra 
actually exist in flesh and blood during 
my lifetime but I had the chance to get 
to know him and to leam from him. 


Abhay Ashtekar 

Centre for Gravitational Physics 
and Geometry, 

The Pennsylvania State University , 
University Park, PA 16802-6300, USA. 
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tists/clinicians/technologists. No registration fees but the sponsor of the participant 
should take care of his TA/DA. Apply before 20 January 1996 by sending a brief CV 
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Prof. G. Shanmugam 

Department of Biochemistry and Cancer Biology 
School of Biological Sciences 
Madurai Kamaraj University 
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S. Chandrasekhar and C. V. Raman—Some letters 

S. Ramaseshan 


Some early correspondence between S. Chandrasekhar and C. V. Raman has recently come to light 
These letters reveal the relationship that existed between uncle and nephew, two amongst the greatest 
scientists India has produced. The collection comprises nearly 50 letters, but in this article I will attempt 
only to give a flavour of the correspondence. In my selection I have given preference to those relating 
to interesting incidents that do not appear in Wali's biography. g 


Already by 1927 Chandrasekhar had 
decided to devote himself to research; 

.. like my uncle ... at that time l knew 
the names of only two Indian scientists, 
Ramanujan and Raman. They were in a 
sense my role models' (Wali, p. 56). 
When he was in the first year BA Hons., 
Chandrasekhar spent the summer of 1928 
in Raman’s laboratory in Calcutta. At the 
age of 17 he wrote his first scientific 
paper The Thermodynamics of the Com¬ 
pton Effect with reference to the Interior 
of Stars’ and Raman published it in the 
Indian Journal of Physics (1928, 3, 241). 
The next year Chandrasekhar wrote his 
second paper entitled The Compton 
Effect and the New Statistics’, which 
appeared in the Proceedings of the Royal 
Society (1929, 125, 231). According to 
colleagues present at the time, Raman 
remarked that This young man shows 
all the signs of being a genius. He will 
surely leave an indelible mark on physics.’ 
Chandrasekhar left for England in July 
1930. On board the ship he wrote his 
famous paper The maximum mass of 
ideal white dwarfs’ (published in the 
Astrophysical Journal , 1931, 74, 81). 
Since then till 1944 Chandrasekhar sent 
reprints of every one of his publications 
to Raman who always acknowledged 
them. Raman’s letters usually had a con¬ 
gratulatory part, a chatty/newsy part and 
an enquiry about his nephew’s well being 
and scientific progress. The letters were 
always typed, began with ‘My dear 
Chandrasekhar’ and ended ‘Yours affec¬ 
tionately, C. V. Raman’. Most of 
Chandrasekhar’s letters were hand-writ¬ 
ten, and often had a nostalgic part, asking 
for news from India and the state of 
science here. 

Early letters 

Extracts from a typical letter written soon 
after Raman left Calcutta and moved to 
Bangalore: 


Bangalore 
19 July 1933 

My dear Chandrasekhar, 

1 am delighted to receive the reprints 
of your series of papers on ‘Distorted 
Poly tropes' and hope that you will 
continue to have striking success in 
your future work as in the past. I have 
now been over three months at Ban¬ 
galore and I am not fully accli¬ 
matized .... As I am only member of 
the physics staff progress in organizing 
the new department has been very slow. 

Ultimately, I think the department 
should have at least three lecturers, 
one for theoretical physics, one for 
experimental physics and one for 
applied physics . But I am not making 
these appointments until men with re¬ 
quisite capacity and energy are avail¬ 
able ... 

I hope you will find time to write to 
me a few lines occasionally about your 
progress. 

Yours affectionately, 

C. V. Raman. 

In early 1934 Raman proposed that 
Chandrasekhar (just 23 years old) be a 
Founder Fellow of the Indian Academy 
of Sciences which Raman was estab¬ 
lishing. 

In 1935 Raman seems to have assured 
himself that there was one with \ .. req¬ 
uisite capacity and energy’ and offered 
Chandrasekhar an Assistant Professorship 
(not lectureship) at the Indian Institute 
of Science - (Wali, p. 155). 

Extracts from Chandrasekhar’s reply: 

My first impulse was to send a cable 
accepting the offer; but on second 
thoughts I am becoming diffident as 
to whether I could do justice to the 
position ....I am afraid I may prove 
a disappointment for them (the ex¬ 
perimental physicists ).... 


There is one other rather delicate mat¬ 
ter. I have had reports that a certain 
part of the press.. .is violently anta¬ 
gonistic to you. I realize of course that 
such attacks are launched by 
people . .. who are jealous of the 
powerful school you are building 
around yourself. I am a little afraid 
that. ..(the press )... might start a 
fresh scheme of scandals, if I were 
appointed to a position at your Insti¬ 
tute .... 

Yours affectionately, 
S. Chandrasekhar. 

Kameshwar Wali in his biography sug¬ 
gests that this letter refusing the job was 
written by Chandrasekhar with tongue in 
cheek to pull the wool over the eyes of 
an an elderly uncle...’. He may be 
right. But there could be another point 
of view. Over the years, Chandrasekhar 
rejected more than a dozen job offers 
from India, including the Chairmanship 
of the Atomic Energy Commission. One 
could well understand his not accepting 
offers like the AEC Chairmanship, Vice 
Chancellorships, Directorships, etc., be¬ 
cause of the administrative chores asso¬ 
ciated with them. On the other hand, at 
least seven others, were amongst the best 
academic positions that the country could 
ever offer any active scientist - faculty 
positions at the Indian Institute of Science; 
the universities of Dacca, Allahabad, 
Andhra, TIFR, Jawaharlal Nehm Univer¬ 
sity, etc. Consistently he found valid 
reasons to reject them, but always with 
ambivalence. One part of him had a 
nostalgic yearning to come back, while 
the other was suspicious whether condi¬ 
tions in India would be conducive to his 
scientific development. His decisions must 
have been made more difficult by his 
colleagues wanting him to stay back. 
Wrote Otto Struve to C. V. Raman (24 
May 1941) when the Allahabad offer was 
made (to occupy the chair previously 
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occupied by M. N. Saha and K. S. Krish- 
nan). 

When I asked Chandrasekhar to come 
to Yerkes I knew he was one of the 
most brilliant young astrophysicists of 
the world .... I should have regretted 
it greatly, if Chandrasekhar had 
decided to leave ... (for Allahabad). 

Nostalgic letters 

My dear uncle, 

1 was delighted to learn this morning 
that you have been awarded a Franklin 
medal . Please accept my sincere con¬ 
gratulations on this most deserved 
recognition. I feel that the terms of 
the award are particularly appropriate 
and it is fitting that your leadership 
should be thus explicitly recog¬ 
nized .... 

As Krishnan and Bhabha are two fur¬ 
ther Fellows of the Royal Society, In¬ 
dian physics has certainly come of age. 

I wish that circumstances had been 
that I too could have taken some part 
in this renaissance .... (underlining is 
mine) 

Yours affectionately, 

S. Chandrasekhar. 

Fellowship of the Royal Society 

By 1941 the stack of reprints had in¬ 
creased to nearly 60, and Raman decided 
to propose Chandrasekhar to the Fellow¬ 
ship of the Royal Society (for the year 
1943). On 24 June 1941, he sent a 
cablegram: 

DESIRE PROPOSE YOU FOR FELLOWSHIP. 
CABLE CONCURRENCE MENTIONING 
NAMES OF FIVE BRITISH FELLOWS WELL 
ACQUAINTED WITH YOUR WORK.... 

- RAMAN 

The reply was immediate: 

Many thanks, Milne, Fowler, Ed¬ 
dington, Jeans and Whittaker. 

— Chandrasekhar. 

Raman decided that E. A. Milne of 
Oxford who had collaborated with 
Chandrasekhar in 1932 should be the one 
to second the proposal. 

28 July 1941 

My dear Prof Milne, 

1 have been watching with pleasure 
and admiration the splendid work 


which Dr Chandrasekhar has been 
doing in the field of astronomy and 
astrophysics; and have felt that it would 
be appropriate to put him up for elec¬ 
tion to the Fellowship of the Royal 
Society. 1 have prepared the accom¬ 
panying certificate on his behalf and 
am enclosing it herewith for your kind 
consideration. 

I shall be most grateful if you could 
kindly consent to be his seconder and 
also arrange to obtain the signature 
on the forms of other Fellows in Great 
Britain who are familiar with 
Chandrasekhar and his work and for¬ 
ward the papers to the Society. 

Professors Fowler, Eddington and 
Whittaker and Sir James Jeans amongst 
others know Chandrasekhar and his 
work well. I am sending them copies 
of the certificate requesting them to 
support .... 

Yours sincerely, 

C. V. Raman. 

Raman received letters agreeing to sup¬ 
port Chandrasekhar from Sir James Jeans 
(/ have signed it with much satisfaction ), 


R. H. Fowler, H. H. Plaskett (I am 
delighted that you have taken the initiative 
in bringing his name forward) and A. S. 
Eddington (/ appreciate Chandrasekhar's 
fine work in astrophysics and particularly 
in dynamical astronomy and have much 
pleasure in supporting his candidature) 
[see box] and Milne (/ am glad indeed 
you have nominated him this year, for 
as it happens a number of astronomers 
are being proposed just now. I am glad 
to help to sponsor Chandrasekhar as he 
and 1 have been such good friends ever 
since his first coming to Cambridge from 
India). 

He also wrote to K. S. Krishnan, H. J. 
Bhabha and Birbal Sahni the Indian Fel¬ 
lows and they too signed the certificate. 
On 21 March 1944 Raman’s cable read: 

Warmest greetings from Bangalore 
physicists rejoicing in your election to 
the Fellowship of Royal Society. 

Chandrasekhar’s reply was: 

25 March 1944 

My dear uncle, 

It was a special pleasure receiving 
your cablegram and the greetings from 
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Bangalore. Under the circumstances it 
was natural that my thoughts should 
have gone back to the summer of 1928 
when as an undergraduate I had the 
unique privilege of witnessing a band 
of physicists exploring the possibilities 
of a great discovery made by one of 
them and with that disinterested en¬ 
thusiasm which is possible only under 
a great master in the presence of fields 
of knowledge freshly revealed. That 
was sixteen years ago and meantime 
our scientific interests have, diverged 
but the impression made on me then 
has remained with me ever 
since .... 

Yours affectionately, 
Lalitha & 

S. Chandrasekhar. 

Announcing Chandrasekhar’s election 
Raman wrote an article in Current Science 
(1944, 13, 66) which ended with: 


Chandrasekhar is one of that small 
rare group of men who combine a 
profound grasp of physical theory and 
principles, an unrivalled grasp of math¬ 
ematical analysis and a deep and abid¬ 
ing interest in the phenomena presented 
to us by Nature in the fields of physics 
and astronomy. The names of Newton, 
Laplace and Einstein spring to the 
mind when we contemplate the history 
of astronomical science and the debt 
to men who have exhibited this com¬ 
bination of qualities. In the achievement 
of Chandrasekhar during the past fif¬ 
teen years we have at least a promise 
of a career which should place him 
in the front rank of the world’s great 
astronomers. The cordial wishes of all 
our readers will go out to encourage 
him in his future activities and to wish 
him and the talented young lady who 
shares his home at Yerkes observatory 
an uninterrupted welfare and happi¬ 
ness. 

Chandrasekhar must have been very 
happy as his childhood dream of becom¬ 
ing an F.R.S. was fulfilled. One could 
comment that since his colleagues in 
England had not proposed him and had 
even given higher priority to others, 
Raman’s spontaneous initiative proved 
timely and welcome. 


Proposal for the Nobel Prize 

17 November 1948 
My dear Chandrasekhar, 

1 have an idea of proposing you for 
the Nobel Prize in Physics. 1 wonder 
whether you would consider such a 
move premature .... 

Yours affectionately, 
C. V. Raman. 

To this Chandrasekhar replied: 

29 November 1948 

It is certainly flattering to know that 
you are considering proposing me for 
the Nobel Prize. Besides the fact that 
astronomers are not eligible for the 
Prize (they would not consider Russel 
or even Bethe for his discovery of the 
carbon cycle)... why, for example, 
have they not considered G. I. Taylor 
whose claims for the Prize seem to me 
obvious. 1 am not being falsely modest 
in any sense, but l sincerely feel that 
it would be inappropriate to have my 
name forwarded to the Nobel Commit¬ 
tee ... . 

Yours affectionately, 

S. Chandrasekhar. 

Raman persisted and in 1949 he wrote: 

21 December 1949 
My dear Chandrasekhar, 

... I do not think however the argument 
that astronomers are ineligible for the 
Prize is correct ....If I could have 
(such) a statement of your achievements 
it would be easier for me to say there 
is a prima facie case for you or 
not .... 

Yours affectionately, 

C. V. Raman. 

Chandrasekhar refused again: 

28 December 1949 

I do not think that anything 1 have 
done qualifies for the Nobel 
Prize ... .In the very remote possibility 
of my qualifying for the Nobel Prize 
would it not really be more appropriate 
if an astronomer . .. more conversant 
with my work, than I have any right 
to expect of you, sends in my 
name . .. .1 do request you to regard 
my refusal as final, ... / assure you of 


my very great appreciation of your 
interest. 

Yours affectionately, 
S. Chandrasekhar. 

It so happened that I went to see 
Raman in early January 1950 when the 
above letter of refusal had just arrived. 
After reading it he showed it to me along 
with the previous letter of 21 December 
1949. Replying to many of my queries 
he started musing: 

/ thought of proposing him to the Prize 
as he is definitely Nobel Prize material. 
The more important reason was be¬ 
cause of the paper he wrote from 
Copenhagen when he was just 21 or 
22. He concludes that in a star having 
a mass greater than a particular value, 
the perfect gas equation of state does 
not break down. The consequence of 
this is that as the pressure increases 
due to the inexorable gravitational con¬ 
traction the star cannot but go through 
a central singularity. Absurd is what 
normal common sense would say; so 
would I have said. But Chandrasekhar, 
in my view, is different. All his later 
papers completely vindicate his original 
stand. If this prediction turns out to 
be true he was clearly opening up a 
completely new chapter in Physics. 

Twenty-five years later Chandrasekhar 
was awarded the Nobel Prize. Had Raman 
been alive it would have warmed the 
cockles of his heart. His cup of joy would 
have overflowed with the knowledge that 
Chandrasekhar got the Nobel Prize for 
the work he had guessed as being worthy 
of it. 

It is not as if Chandrasekhar had not 
considered previously the possibility of 
the Prize for his work. f ... thought of 
the Nobel Prize had my work in the early 
thirties received recognition without the 
unhappy controversy with Eddington ’ 
(Wali, p. 296). 

The Raman Institute 

1 August 1943 

My dear uncle, 

This is just to say how very pleased 
1 was to learn from some an¬ 
nouncements I have lately received from 
the Indian Academy of Sciences, at 
long last you have now the opportunity 
to build an Institute entirely according 
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to your fashion .... I feel confident 
that the building of the Institute will 
be a crowning achievement in a life 
full of achievements .... 

Yours affectionately, 
S. Chandrasekhar. 

In almost every letter after this 
Chandrasekhar enquires about the 
progress of the Institute. Raman kept him 
informed at each stage-about the con¬ 
struction of the main building, the 
workshop, the hostel, the admission of 
students, etc. 

Some other letters 

Raman, in a series of letters, poses many 
questions to Chandrasekhar about the 
origin of the magnetic field in sunspots, 
the limit of faintness of the stars visible 
with the naked eye, how the celebrated 
Olbers paradox was resolved by modem 
cosmological theories and so on. For all 
these questions Chandrasekhar pens 
replies and sends him relevant papers/ 
reprints, etc. 

The following two letters could be of 
some interest: 

22 October 1960 

My dear uncle, 

I was delighted to receive the other 
day a copy of your *Lectures on Physi¬ 
cal Optics ' with your inscription. I had 
earlier seen this book with Pancharat- 
nam when he visited us last summer. 
I was most impressed with this book 
at that time, and I am very happy now 
to possess a copy. 

By accident it happens that I am lec¬ 
turing on advanced optics and I intend 
to make use of your book in these 
lectures .... 

Yours affectionately, 
S. Chandrasekhar. 


Chandrasekhar once remarked to me 
(after Raman’s death): 

There is no doubt that in optics he 
was a master and belonged to the 
small band of greats like Rayleigh, 
Michelson and others. 

A letter addressed to Chandrasekhar when 
he was in India: 

9 December 1961 

My dear Chandrasekhar, 

A few days ago 1 received from Oxford 
University Press a presentation copy 
of your treatise on 'Hydrodynamics 
and Hydromagnetic Stability . .. \ The 
magnificent way in which it has been 
printed, illustrated and got up is beyond 
all praise. The beautiful photographs 
and drawings interspersed throughout 
the volume would attract many readers 
who might otherwise have been put off 
by the rigors of the mathematical 
analysis. You have rescued from 
oblivion the work of many investigators 
in this field which might otherwise 
have remained buried in the learned 
periodicals. They have reason to be 
grateful to you for surveying their 
results and presenting them along with 
your own thoughts and contributions. 
It is remarkable how many different 
fields of study the book illuminates and 
is likely to illuminate during the years 
to come. 

I am grateful to you for the presenta¬ 
tion. 

Yours affectionately, 
C. V. Raman. 

Dr S. Chandrasekhar (F.R.S) 

C/o Shri R. R. Sharma, ARIBA, AIAA 
Chartered Architect, 

1, Southern Avenue, Madras 


(This letter will put the incident described 
by Wali, p. 253, in a different light. It 
is possible that it was not forwarded to 
Chandrasekhar.) 


Conclusion 

Raman in his later years had become 
cynical and had put on a very gruff 
exterior. Perhaps because of this, or for 
other reasons, many concluded wrongly 
that his relationship with Chandrasekhar 
was not good. Reading these letters one 
cannot but conclude that during this period 
(1930-1967, Raman died in 1970) there 
was a very affectionate personal relation¬ 
ship between the two. After Chandrasek¬ 
har left for England in 1930 they met 
each other probably four or five times. 
Here again from all accounts the meetings 
were cordial, often hilarious, each poking 
fun at the other. There were of course 
serious discussions. 

Chandrasekhar’s letters, especially the 
one just after his election to the Royal 
Society, indicate his admiration for Raman 
for his initiative and leadership in science. 
Raman’s regard and admiration for 
Chandrasekhar was unbounded. Making 
him a Founding Fellow of his Academy, 
offering him a faculty position at the 
Indian Institute of Science, proposing him 
for the Fellowship of the Royal Society 
and insisting that he put him up for the 
Nobel Prize were all indications that the 
uncle recognized the genius of his nephew 
from their meeting in 1928 to his dying 
day. 


S. Ramaseshan is in the Raman Research 
Institute, Bangalore 560 080, India. 
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D vm!!' Environmental Air and Water Analysis, Rs. 465 

Q viv Fossil Fuel and the Environment, Rs. 450 
XIX. Environmental Pollution Analysis, Rs. 495 
XX. Environment: An Assessment, Rs. 585 

Instant Encyclopaedia of Geography (25 Volumes) 

- S.P. Sinha, Faguni Ram, Manager Prasad & 
H.R. Nagalia (Eds.), Rs. 14000 (Set). 

I. Introduction to Geography, Rs. 595- II Aari- 
cultural, Rs. 585; III. Behavioural, Rs 555- IV 
B.ogeography, Rs. 595; V. Commercial, Rs. 575 ; 
VI. Cultural, R s . 495; VII. Economic, Rs. 595- 
VIII. Environmental, Rs. 585; IX. Future of 
Geography, Rs. 535; X. Geomorphology, Rs. 595 
X . Hjstorica! R s . 595; XII. Human, Rs. 470; 

X II. Industrial Rs. 575; XIV. Medical, Rs. 495- 
XV. Physical, R S . 575; XVI. Political, Rs. 56o] 
XVII. Population, Rs. 575; XVIII. Power of Ge¬ 
ography, Rs. 555; XIX. Recreation, Rs. 495- XX 
Regional, Rs. 560; XXI. Rural, Rs. 575; XXIL 

vvnf*' t^ S 575 ’ XXIfI - Transport, Rs. 495; 
XXIV. Tropical, Rs. 595, XXV. Urban, Rs. 595. 


Dictionary of Agricultural and Allied Sciences 

L.L. Somani & Others (Eds.). 


Dictionary of Agronomy (4 Parts), Rs. 250 
(each) 

Dictionary of Animal Husbandry (2 Parts) 
Rs. 250 (each) 

Dictionary of Plant Sciences (Including Horti¬ 
culture) (4 Parts), Rs. 250 (each) 

Dictionary of Soils and Fertilisers (5 Parts) 
Rs. 250 (each) 

Dictionary of Agricultural Engineering & Tech¬ 
nology (9 Parts), Rs. 250 (each) 

Dictionary of Ecology and Environment (10 
Parts), Rs. 250 (each) 

Dictionary of Bio-Sciences (8 Parts), Rs. 250 
(each). 


V VI. 

Q 


Comprehensive Dictionary of the World (Biographi¬ 
cal, Geographical, Historical, Literary, Classi¬ 
cal, Scientific and Technological (10 Volumes) 
- Thomas Wright, Rs. 8000 (Set). 

Encyclopaedia of Sports, Health and Physical Edu¬ 
cation (5 Vols.) - S.R. Sharma, Rs. 2500 (Set). 

Encyclopaedia of Technical Education (25 Vol¬ 
umes) - J.P Mittal, Inderjit Kaur & Ramesh 
C. Sharma (Eds.), Rs. 12500 (Set). 

Mysore Tribes and Castes (5 Volumes.) - L.K.A. 
Iyer, Rs. 2500 (Set). 

Defence Modernisation, Secret Deals and Strat¬ 
egy of Nations (2 Volumes) - A. Chand, Rs. 
700 (Set). 

Encyclopaedia of Natural History (2 Volumes) 
- Alfred H. Miles, Rs. 650 (Set). 

Flora of Eastern Karnataka (2 Volumes) - N P. 

Singh, Rs. 700 (Set). 

Vocational Education and Training (3 Vols.) - 
S.R, Sharma, Rs.1200 (Set). 
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Characterizing silkworm 
viruses 

Viruses which infect insects, ba- 
culoviruses, have proved useful 
vehicles for the production of 
eukaryotic proteins in insect cell 
line cultures. Baculovirus ex¬ 
pression systems have proved 
increasingly popular amongst 
biotechnologists. Viruses, of 
course, can be potentially dam¬ 
aging to their natural biological 
host. Locally, the Bombyx mori 
nuclear polyhedrosis virus 
(BmNPV) is the cause of a dis¬ 
ease in silkworms and is often 
the cause of major economic loss 
to the silk farmer. The cloud, 
however, has a silver lining. 
BmNPV can be developed as a 
vector for expressing foreign 
proteins, of commercial value, in 
silkworm larvae, which in turn 
can be reared in plenty on a diet 
of mulberry leaves, doing away 
with the expense of cell culture 
and ultraclean laboratories. To 
realize this hope, an understand¬ 
ing of BmNPV is essential; par¬ 
ticularly a clear picture of the 
viral genome. Palhan and 


Gopinathan (page 147) describe 
the characterization of a local 
isolate of BmNPV, in a study 
that uses both electron micros¬ 
copy and extensive restriction 
analysis of viral genomic DNA. 

P. Balaram 

J. C. Bose 

Generations of Indian students 
have been brought up on the leg¬ 
end of Jagadis Chandra Bose as 
one of the pioneers of scientific 
research in the country. The fo¬ 
cus in these accounts is usually 
on his investigations on plants 
with sensitive instruments that 
he built himself. But many years 
earlier, in fact at the end of the 
nineteenth century, his experi¬ 
ments on the production, propa¬ 
gation and detection of short 
electromagnetic waves were 
among the earliest and the best 
in the world. We carry, follow¬ 
ing a brief introduction by S. 
Ramaseshan, extracts from the 
contemporary literature which 
bring out the impact of Bose’s 
work (page 172-180). One 


marvels at the speed with which 
he entered this field of research 
and also the speed with which 
his own work became known and 
recognized. At that time, produc¬ 
ing wavelength of a few millime¬ 
tres was an important step in 
unifying the waves which Hertz 
had produced with long infrared 
wavelengths and thereby with 
light - an important step for 
physics. It also made many dem¬ 
onstrations possible, as Bose’s 
own papers reprinted here 
show - double refraction and 
optical activity, familiar from 
optics, appear in the domain of 
Hertzian waves. The care and 
ingenuity needed to carry out 
these experiments are well brought 
out and establish Bose as an ex¬ 
perimenter of the first rank. Soci¬ 
ologists of science will of course 
ask why there was no follow up in 
India and why even this work is 
not better known today. But suf¬ 
fice it to say that in J. C. Bose, 
Calcutta had produced a world 
champion in experimental physics 
a hundred years ago. 

R. Nityananda 
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We received many letters describing individual observations on the recent total solar eclipse. We reproduce below a 
description sent in by a Class X student. 


- Editors 


Total solar eclipse of 24 October 1995 


The total solar eclipse of 24 October 1995 
was of great interest and excitement to all 
the Indians, because it was passing through 
the Indian soil only for the second time in 
this century. The totality path swept 
through the Indo-Gangetic plain in the 
Northern part of India, which is thickly 
populated. It gave an opportunity for over 
20 million Indians to watch the great event 
in the sky. Having been selected through a 
state-level essay competition on Total 
Solar Eclipse, I was one of the eight mem¬ 
bers of the team from Karnataka, which 
was sent to witness the great event. 

The duration of the total eclipse was 
just 53 seconds from where I saw it. I 
saw the eclipse at Akbarpura, a small 
town 20 km south of Alwar in the east¬ 
ern part of Rajasthan. There was great 
excitement and joyful anticipation all 
around on the morning of 24 October. 
Everybody was watching the bright Sun 
in the east, which would be hidden by 
the Moon for a short time. We were 
expected to see through the solar gog¬ 
gles specially prepared for the protec¬ 
tion of the eyes from the bright Sun. 

The first contact began exactly at 7.24 
a.m. I was very eager to see the event of 


‘totality’, that is, when the Moon com¬ 
pletely obscures the Sun. As the totality 
approached, the light around us began 
to decrease and the temperature also 
decreased to some extent. The birds 
started chirping,.and began returning to 
their nests. We could also see the goats 
and the dogs running here and there. 
Just before the totality began, we could 
see the ‘diamond ring’. As the Moon 
almost completely covered the Sun, 
from eastern and the western limbs -of 
the Moon’s surface, a small part of the 
Sun’s light shone through the Moon’s 
valley. This gave rise to an effect of a 
shining diamond in the sky for a few sec¬ 
onds. It was indeed a great sight to seel 

Then the totality began at 8.31 a.m. and 
it was a wonderful experience for me. A 
beautiful ‘ring’ of the coronal light lasted 
for about 40 to 45 seconds. It was rather 
dark in the sky and we could see the bright 
planets of Venus and Mercury, the bright 
star Sirius and two stars of the Orion con¬ 
stellation. Another change we could notice 
was that the horizon was reddish-brown all 
around. 

We had spread a white sheet of cloth 
5 m long, to see the ‘shadow bands’. 


The shadow bands passed very quickly 
in a second or two. We could see the 
glowing corona somewhat extended in the 
eastern and western edge of the Sun/Moon. 
Suddenly, a streak of light pierced through 
a valley on the Moon’s surface. It was just 
unbelievable! We saw a second ‘diamond 
ring’ that was more marvelous than the 
first. The second diamond ring merged 
into the end of the totality at 8.32 a.m. The 
crescent of the Sun started shining and 
within a minute or so, the brightness reap¬ 
peared and it was all normal. The eclipse 
ended at 10.10 a.m. 

These were really memorable, excit¬ 
ing and unforgettable seconds for me. 

Indians who have missed this unique 
visual experience, may note that the 
evening of 11 August 1999 will be yet 
another rare occasion to see the total 
solar eclipse from parts of Gujarat, 
Maharashtra and Madhya Pradesh. So 
do avail of the opportunity to see the 
last eclipse in this century. 

Mukund A. Kulkarni 

321/8, 11th Main, I Cross, 

B.S.K . I Stage, 

Bangalore 560 050, India 


Science in India 

One of the great and unique assets of 
Indian science is the enthusiasm of 
young people for science and technol¬ 
ogy. Competition for admission to sci¬ 
ence and technology-related courses in 
reputed institutions is fierce. In science 
and technology, every year thousands of 
youngsters obtain their Ph D degrees. 
How many job opportunities are avail¬ 
able in the country for these fresh 
Ph Ds? The answer has to be ‘very few’ 
if not an outright ‘nil’. Two avenues 


open for a vast majority of them now 
are: (i) migrating to universities, re¬ 
search institutions and industries in 
developed countries as Post-Doctoral 
Fellows (PDFs), and (ii) continuing as 
Research Associates (RAs) in universi¬ 
ties and research institutions in India. 

Research Associateship, at present, is 
given for a period of five years with no 
provision for further extension. In 
1960s, 1970s and even in early 1980s 
job opportunities in the country for 
fresh Ph Ds were not as-bad as it is now. 
Presently many Ph Ds are unemployed 
or under-employed. Earlier most of the 


Research Associates used to get good 
(regular) jobs within 2-3 years. In those 
days restricting Research Associateship 
for only one term (of 5 years) was fine. 
But the situation has changed, and after 
completing one term of 5 years, now 
many Research Associates are left with 
absolutely no avenue. The gravity and 
seriousness of the situation do not 
appear to have been realized by the sci¬ 
ence administrators and science manag¬ 
ers of the country. Many of them 
continue to woo youngsters to continue 
science education, with total disregard 
for the absence of job opportunities. If 
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not remedied immediately, the unem¬ 
ployment of Ph Ds is going to have a 
drastic negative impact on Indian sci¬ 
ence in the near future. 

I would like to suggest two remedies. 
Firstly, Research Associateship should 
not be restricted to one term. There 
should be three or more grades in Re¬ 
search Associateship (say A, B, C, etc.). 
Those performing very well in the first 
grade (or the first term of 5 years) 
should get a second term (of 5 years 
more) in the next grade; and those per¬ 
forming exceptionally well in the sec¬ 
ond term should get a third term (of 
another 5 years) in the next grade. As 
compared to the number of years spent 
in education and training, the stipend 
paid to Research Associates at present is 
very meagre. There is an urgent need for 
revising the pay for Research Associ¬ 
ates. It should be somewhere near to the 
salary paid to regular employees having 
the same qualification and experience. 

Research Associates constitute a 
young, enthusiastic and energetic lot, 
and contribute much to the scientific 
output of the institutions in which they 
work. Still when they complete tenures 
and go out, they do not get any mone¬ 
tary assistance, whereas even the most 
unproductive regular employee is enti¬ 
tled for many benefits including pension 
for self and family. If possible, a con¬ 
tributory provident fund should be in¬ 
troduced for the Research Associates. 


This would increase the involvement of 
Research Associates in their work as 
well as their interest in the growth of 
the institution in which they work. It 
would also help them to pull on for 
sometime before they get a suitable job 
elsewhere. 

Secondly, funding agencies should 
make available a few Post-Doctoral 
Fellowships (PDFs) tenable with profes¬ 
sors and senior scientists who are 
working on projects of national impor¬ 
tance and have already made some re¬ 
markable contributions (as scientists, 
not as administrative heads). This way it 
would be possible to (i) create more 
job-opportunities for fresh Ph Ds in the 
country, (ii) establish some strong' re¬ 
search teams working on nationally 
important projects, and (iii) check 
brain-drain. 

It is alleged that research institutions 
in India hire assistants in place of 
qualified and competent persons, to 
work on important projects. How far is 
this true? Absence of regular recruit¬ 
ments has resulted in a 2-tier system in 
many of the research institutions. There 
are permanent employees and temporary 
employees. When employees involved 
in the same job are governed by two sets 
of service conditions, is it not possible 
that the temporary employees are ex¬ 
ploited by the permanent employees? 
How does this 2-tier system affect the 
progress of the projects? More impor¬ 


tantly, how does this 2-tier system affect 
credit-sharing? Does it pave the way for 
unethical misappropriation of credit? 
Most of the temporary employees tend 
to take their job as a stop-gap arrange¬ 
ment, and their involvement in the job 
becomes very less. To understand all 
these it is essential to analyse the turn¬ 
over of assistants in important proj¬ 
ects/schemes. Frequent swapping of 
jobs by-assistants affects the progress of 
long-term projects. Funding agencies 
should make it compulsory that only 
Junior Research Fellows, Senior Re¬ 
search Fellows and Research Associates 
are appointed in projects and schemes 
which are for a period of three years or 
more. This would make sure that tempo¬ 
rary employees on projects and schemes 
get a higher pay, and a higher qualifica¬ 
tion/experience; and they have more 
involvement in their jobs. It may also 
prevent possible exploitation of tempo¬ 
rary employees by permanent employ¬ 
ees. 

To succeed in science it is very, very 
essential that we modify the system 
according to the changing times. We 
owe it to the future generations. 


Oommen Abraham 


341, Rasta Peth, 
Pune 411 Oil, India 


An alternative view to global vision of Indian R&D 


Mashelkar’s main thrust is on global 
R&D, and strong IPR system 1 . His spir¬ 
ited advocacy of the interests of multi¬ 
national corporations (MNCs) is, 
however, one-sided. He fails to trace the 
origin of the big boost corporation- 
controlled S&T has acquired during the 
past decade or so, and ignores the fact 
that the nations professing globalism are 
engaged in bitter trade wars for suprem¬ 
acy in technology. 

Extensive study of literature on S&T 
policy published in the late 1970s and 
the early 1980s in US and UK throws 
light on the genesis of R&D globalism. 
Declining American leadership in high 
technology and perceived threat from 
Japan on US economy and defence ca¬ 
pability wbre the key issues. Political 
leadership and policy makers in US 
devised a long-term strategy to face this 


challenge. In the year 1980, at least 
three landmark decisions were made; (1) 
the US Supreme Court allowed patent¬ 
ing of a genetically engineered bacte¬ 
rium; (2) the US Patent and Trademark 
Act was amended allowing the univer¬ 
sities to apply for patents for federally 
funded research; and (3) the US Plant 
Variety Protection Act (1970) was 
amended. Big companies played a major 
role in this, while the academic com¬ 
munity resented commercialization of 
research talent and technical skill, 
pointing out that corporation funding 
was not for altruistic purposes 2 . 

Mashelkar suggests intellectual capi¬ 
tal as equity of the Indian R&D partner; 
a practice in vogue in American uni¬ 
versities for more than a decade. The 
entry of MNCs has pushed’ the cost of 
patenting to as high as Rs. 9 lac for a 


single patent, and small- and medium- 
sized-European firms are finding it dif¬ 
ficult to file patents 3 . This, coupled witji 
the lack of competent patent profes¬ 
sionals in India, would make Indians as 
cheap intellectual slaves, not equal 
partners. Whereas IPR systems in other 
countries have evolved gradually ac¬ 
cording to their needs, in India the 
changes are demanded to satisfy the 
MNCs. How can enforcing new patent 
laws make Indian R&D innovative? 
Recalling that the Indian Patent Act 
(1970) was hailed internationally as the 
most progressive system, why do our 
R&D labs not own world-class patents? 
Why our science leadership failed to 
update the IPA, and to create world- 
class patent attorneys in past more than 
two decades? Now Mashelkar recom¬ 
mends Patent Promotion Fund and spe- 
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cial fiscal favours .to firms dealing with 
IPR. Is it not akin to the much-decried 
privileges enjoyed by PSUs till re¬ 
cently? Further, UNCTAD reports and 
analyses of experts show that joining 
the Paris convention will be detrimental 
to India. 

Mashelkar’s argument that ‘firms in 
the developed world still view cultural 
barriers as one of the major bottlenecks’ 
is simply outrageous. In view of the 
social and environmental hazards in¬ 
volved and the vulnerability of India to 
the manipulations of the MNCs, spe¬ 
cially in the sector of pharmacy and 
biotechnology, one expects extra vigi¬ 
lance and transparency while dealing 
with foreign firms. To plead for confi¬ 
dentiality and do away with already 
lax public accountability is certainly 


against national interest. Instead of 
learning lessons from our failures, the 
policy makers are treading on a path 
which is sure to lead to technological 
and economic subjugation. Since the 
information related to the politics of 
S&T and trade is accessible and com¬ 
prehensible to the generation born after 
independence, the inability to safegaurd 
national interest will not be a mistake - 
it will be a betrayal. 

To conclude I suggest an alternative 
strategy; (1) reaffirm commitment to the' 
national goal of self-reliance in technol¬ 
ogy, and R&D for public good; (2) refer 
a comprehensive review of the IPA 
(1970) and the needed changes to a ju¬ 
dicial commission; (3) strengthen the 
PSUs 4 and establish university CSIR 
Labs PSU links; marketism, legal 


aspects of patenting, and interaction 
with private firms being mainly the re¬ 
sponsibilities of PSUs; and (4) form a 
non-governmental working group of 
experts for in-depth study of the present 
challenges, and offer directions for the 
best possible approach for Indian R&D. 


1. Mashelkar, R. A., Curr. Sci ., 1995, 68, 
1170-1177. 

2. Culliton, B. J., Science , 1982, 216, 960. 

3. Abbott, A., Nature , 1995, 375, 270-271. 

4. Narasimhan, R., Curr. Sci., 1994, 66, 
261-265. 


S. C. TlWARI 

Department of Physics, 

Banaras Hindu University, 

Varanasi 221 005, India 


Evidence for Avian mafia! 


RESEARCH NEWS 


Raghavendra Gadagkar and Milind Kolatkar 


An unwritten rule in evolutionary biol¬ 
ogy is that anything that can evolve will 
evolve. Birds are remarkable for their 
extraordinary effort at nest building and 
brood care. Given that so many species 
of birds spend so much time and effort 
at these activities, there is plenty of 
room for some species to take it easy, 
lay their eggs in the nests of other spe¬ 
cies and hitch-hike on their hosts. The 
cuckoo that lays its eggs in the nests of 
a variety of host species is well known. 
Indeed, over 80 species, i.e. over 1% of 
bird species are known to be such obli¬ 
gate inter-specific brood parasites. 
These include two-sub-families of cuck¬ 
oos, two types of finches, the honey- 
guides, the cowbirds and the black¬ 
headed duck 1 . Because parasite species 
often use more than one host species, 
many more than 1 % of bird species act 
as hosts to brood parasites. Interspecific 
brood parasitism has evolved independ¬ 
ently at least seven times in birds and 
can have a significant effect on the 
populations of the host species and even 
lead to their extinction. Although hosts 
sometimes detect and eject alien eggs, 
their success in ridding their nests of 
parasite eggs is often very limited and 
that is why brood parasitism has sur¬ 


vived as a way of life. One reason for 
such limited success of the hosts is the 
often exquisite mimicry on the part of 
the parasites whose eggs are virtually 
indistinguishable from those of the 
host 1 . What is perplexing, however, is 
that many parasite species lay eggs that 
look nothing like their host’s eggs and 
yet get away with it. Obviously hosts 
have not perfected the art of removing 
all or most of the alien eggs. But why 
should this be so? 

There are two philosophically differ¬ 
ent approaches to this question. One is 
that the process of adaptation of the 
hosts to the onslaught of the parasites is 
ongoing and there has not been enough 
time for it to be perfected. A standard 
way of expressing this is to say that we 
are in the middle of an evolutionary 
arms race and what we are seeing today 
is no more than an evolutionary snap¬ 
shot; given enough time, host species 
will perfect the art of removing all 
parasite eggs. This may well be the truth 
but unfortunately we have no way of 
telling. It is a hypothesis that can nei¬ 
ther be proved nor disproved. The other, 
rather different approach is to assume 
that this is the best that hosts can do and 
we are already in an evolutionary equi¬ 


librium. In other words it does not pay 
the hosts to get better and remove all 
the parasite eggs. This equilibrium hy¬ 
pothesis may be as wrong or as right as 
the evolutionary snap-shot hypothesis 
but it has one major advantage over the 
former. It compels us to try and discover 
what the reasons might be for the equi¬ 
librium level of perfection on the part of 
the hosts; why is it that hosts cannot get 
any better than they already are? This is 
a more satisfying situation because it 
gives you something to do. If you find 
the nature and magnitude of the costs 
and benefits of alien egg removal to be 
such that they correctly predict the ob¬ 
served equilibrium level of egg removal 
then we have much more confidence in 
our hypothesis. Not that we are any¬ 
where close to achieving this goal, but 
some exciting leads have been found. 

One obvious cost of assiduously re¬ 
moving parasite eggs is the danger of 
mistakenly discarding one’s own eggs. 
Even when the host and parasite eggs 
look rather different from each other to 
our eyes, it is not obvious that they do 
so to the birds. It is not even obvious 
that a naive bird knows which is its own 
egg and which is the parasite’s. One 
way to solve this problem is to be rather 
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Figure 1. Rates of parasitization, acceptance, ejection and abandoning in the study population in Moya de Guadix in 
Spain during 1991-92. The host, black-billed magpie Pica pica and the parasite, the great spotted cuckoo Clemator glan- 
darius are also shown. Data from Soler et a/. 5 . 


conservative in one’s first attempt at 
breeding, learn what one’s eggs are 
supposed to look like and efficiently get 
rid of the parasite’s eggs in subsequent 
breeding attempts. This will mean that 
in the population as a whole, there will 
be an equilibrium between nests that 
accept parasite eggs and those that do 
not, but if we look closely enough we 
will find that first year breeders will be 
more likely to accept parasite eggs 
while experienced breeders will be more 
likely to eject parasite eggs. Zahavi and 
his colleagues have found evidence for 
such a hypothesis in the case of cuckoos 
(parasite) and warblers (host) in Ja¬ 
pan 2,3 . 

Amotz Zahavi has suggested yet an¬ 
other factor that might lead to an equi¬ 
librium point where host species do not 
get rid of all parasite eggs. This is the 
hypothesis that parasites such as cuck¬ 
oos may repeatedly visit the parasitized 
nests and destroy the eggs of the host if 


it has ejected the parasite’s eggs and not 
do so if the host has accepted and is 
taking good care of the parasite’s 
eggs/chicks 4 . In the presence of such a 
parasite ‘Mafia’, hosts who are incapa¬ 
ble of defending themselves against the 
attacks of the parasites may find it better 
to accept some parasite eggs and addi¬ 
tionally rear at least some of their own 
eggs rather than lose all their eggs in the 
parasite attack. Soler et al. 5 have at¬ 
tempted to test this Mafia hypothesis 
using the great spotted cuckoo Clamator 
glandarius and its host the black-billed 
magpie, Pica pica in the high altitude 
plain, Hoya de Guadix in Spain. A 
magpie that finds cuckoo eggs in its nest 
appears to have three options - accept 
the parasite’s egg/s and rear both mag¬ 
pie and cuckoo chicks, eject the cuckoo 
eggs and rear only its own offspring or 
abandon the nest altogether and start all 
over again. In addition to laying its eggs 
in black billed magpie nests, the great- 


spotted cuckoo also destroys magpie 
eggs in nests not containing cuckoo 
eggs, making the Mafia hypothesis 
plausible, in the first place. There is 
evidence, both circumstantial and direct, 
that cuckoos visit nests where they have 
laid eggs and peck at magpie eggs if 
their own eggs are missing. There is 
good reason to believe that cuckoos do 
not eat magpie eggs or nestlings; their 
diet consists mainly of lepidopteran 
caterpillars. This makes the Mafia hy¬ 
pothesis even more plausible by ruling 
out direct nutritional benefits to the 
cuckoos and suggesting retaliation as a 
possible motive for destroying the 
magpie eggs. 

Painstakingly gathered data over two 
years, on the rates of parasitism of 
magpie nests by the cuckoo, rates of 
acceptance of cuckoo eggs by the mag¬ 
pies, ejection of cuckoo eggs by the 
magpies, abandoning of their parasitized 
nests by the magpies and predation of 
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magpie nests by the cuckoo, by Soler 
et al. 5 are shown in Figure 1. There is 
more evidence consistent with the Mafia 
hypothesis in Figure 1. When magpies 
ejected cuckoo eggs, 86% of their nests 
were depredated by the cuckoos, but 
when they accepted cuckoo eggs, only 
12% of their nests were attacked, a dif¬ 
ference that is statistically significant. 
Predation rates were of the order of 22% 
in non-parasitized nests. All magpies re¬ 
nesting after loss of eggs to cuckoo dep¬ 
redation accepted cuckoo eggs without 
ejecting them or abandoning their nests 
in the second breeding attempt. But did 
the cuckoos destroy magpie eggs just to 
get the magpies to re-nest and provide 
another opportunity for them to lay their 
own eggs? Although the predictions of 
this relaying hypothesis and the previ¬ 
ously mentioned Mafia or retaliation 
hypothesis are not mutually exclusive, 
re-laying is unlikely to be the major 
factor inducing the cuckoo’s depreda¬ 
tory behaviour. If inducing the magpies 
to re-lay was the main objective, magpie 
nests, early in the season (which have a 
higher probability of re-nesting) rather 
than those late in the season (which 
have a substantially lower probability of 
re-nesting), should suffer higher rates of 
attack by the cuckoos. The data show, if 
anything, the opposite; late nests suf¬ 
fered a slight, though non-significantly 
higher rate of predation compared to 
early nests. 

Differential rates of predation can 
only suggest the plausibility of the 
Mafia hypothesis. Reproductive success 
of the different magpie strategies 
namely, acceptance, ejection and aban¬ 
donment are essential for drawing any 
definitive conclusions. These data are 
also provided by the authors of the 
study under discussion. Magpies that 
accepted the cuckoo eggs produced 
0.43 ±0.10 (105) (mean±SE, sample 
size in parenthesis) fledglings per nest, 
while those that ejected the cuckoo eggs 
produced 0.29 ± 0.29 (7) fledglings per 
nest and finally, those that abandoned 
their nest and started all over again pro¬ 
duced 0.40 + 0.31 (10) fledglings per 
nest. The measured reproductive success 
of the abandoners should at least be 
halved because the probability of re¬ 
cruitment of offspring into the breeding 


population decreases dramatically as the 
season progresses, thus giving us a fig¬ 
ure of about 0.20 fledglings per nest for 
the abandoners. Not surprisingly, it is 
the ejectors that have the highest vari¬ 
ance in their reproductive success; it 
must be that some of them lose all their 
eggs to cuckoo retaliation while others 
escape cuckoo attacks. But the acceptors 
do seem to have the highest reproduc¬ 
tive success, higher compared to ejec¬ 
tors and abandoners. However these 
differences are not statistically signifi¬ 
cant. 

A more powerful approach is to ex¬ 
perimentally remove cuckoo eggs from 
some parasitized magpie nests and do 
no such thing in a group of control, 
parasitized nests. This too the authors 
have done to find that the nests from 
which cuckoo eggs were experimentally 
removed (equivalent to ejectors) pro¬ 
duced 0.85 ±0.28 (29) fledglings while 
the control nests (equivalent to accep¬ 
tors) produced 0.54 ± 0.24 (28) fledg¬ 
lings per nest. These numbers are also 
not statistically significantly different. 
At first sight it may appear that lack of 
significant differences between the ac¬ 
ceptors, abandoners and ejectors in the 
natural population and the experimental 
and control nests in manipulated sample 
weaken the case for Mafia hypothesis 
but a little reflection should show other¬ 
wise. It would be naive to expect the 
Mafia to be so powerful as to destroy 
every nest from which cuckoo eggs were 
ejected. Not only would this be biologi¬ 
cally unreasonable to expect, but it 
would also then lead to acceptance be¬ 
haviour on the part of all magpies and 
that has not happened (see Figure 1). 
The higher variance in reproductive 
success of the ejectors is consistent with 
this reasoning. It is therefore far more 
reasonable to expect that the Mafia 
would work with a certain level of less 
than perfect efficiency and that ejectors, 
acceptors and abandoners would coex¬ 
ist. Indeed one can postulate a fre¬ 
quency-dependent selection on different 
magpie strategists so that acceptance 
begins to pay better if everybody else is 
ejecting and ejection begins to pay off if 
everybody is accepting. With this more 
reasonable scenario, a realistic predic¬ 
tion of the Mafia hypothesis would be 
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that acceptors should not have signifi¬ 
cantly lower reproductive success than 
the ejectors. This prediction is borne out 
by both the natural population data as 
well as the experimental manipulation 
data. 

Have we then solved the paradox of 
why host birds accept and rear parasite 
eggs? Far from it. We have barely 
scratched the surface of the problem. 
But there is no denying that here is be¬ 
ginning of a promising theoretical 
framework and an empirically and ex¬ 
perimentally tractable system that can 
be employed to demystify the host’s 
behaviour of accepting strikingly differ¬ 
ent-looking parasite eggs. In addition to 
more data, observations on individually 
marked magpie nests, identified eggs 
and colour banded or radio-tracked 
cuckoos (the authors have already used 
one cuckoo fitted with a radio transmit¬ 
ter) will be necessary. So will careful 
modelling of the costs and benefits of 
different magpie strategies at different 
frequencies of the strategists prove es¬ 
sential. We dare not mention more 
studies on different host-parasite spe¬ 
cies for, that is bound to introduce more 
noise in the system. Another species 
may have a different ‘truth’ altogether; 
perhaps the inevitable slowness of the 
process of learning to discriminate 
parasite eggs may be the main factor 
causing equilibrium in another host- 
parasite pair - such is the charm of 
biological diversity! 
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On the threshold of 1996 - Molecular biology comes of age in 
India, will Biotechnology follow? 


V. Ramalingaswami 

When India became independent in 
1947, the Research Councils - Medical 
(ICMR), Agricultural (ICAR), and Sci¬ 
ence and Industry (CSIR) were already 
there. So were the Tata Institute of Fun¬ 
damental Research (TIFR) and the 
Indian Institute of Science (IISc). Ac¬ 
tive research was going on in the rela¬ 
tively small number of Universities. 
There was one Nobel Laureate in Phys¬ 
ics and a few Fellows of the Royal So¬ 
ciety. India thus had a base in Science 
on which independent India began to 
build the large edifice of the Science we 
see today. Jawaharlal Nehru was the 
guiding spirit under whose benign um¬ 
brage scientific activities widened and 
deepened. That Science is a pathway of 
development and that it also exerts a 
humanizing influence on society was the 
Nehruvian ethic. The Science Policy 
Resolution passed by India’s Parliament 
in 1956 set the seal and committed India 
irrevocably on the path of Science. 
Special mission-oriented agencies such 
as the Atomic Energy Commission and 
Space among others were created. The 
Prime Minister was in direct contact 
with the scientific infrastructure and its 
activities through a Committee that 
would report directly to the Prime Min¬ 
ister. India was respected as a leader of 
Developing Country Science. There 
have been many societal dividends out 
of the scientific progress made in India 
over the years. And yet there is a feeling 
that the dividend was not commensurate 
with the investment and expectations in 
the field of Medicine and Public Health, 
the investments themselves being rela¬ 
tively small, not that there were no suc¬ 
cesses in these fields as well. While the 
country is second to none in the skilful 
use of techniques ^ for patient care 
(witness the fine tertiary health care 
palaces coming up in the country), it 
had not been in the forefront in basic 
research leading to new and innovative 
health care technologies. The economic 
liberalization of India and the Intellec¬ 
tual Property Rights, GATT and WTO 
globally have now put India’s Science 
to test, especially in the biomedical 
sciences and public health. 

Advances in molecular biology and 
its offshoot biotechnology is one of the 


areas of scientific research filled with 
great expectations at this moment in 
history. It is poised today around the 
world for industrial application with 
resultant wealth creation and rising 
standards of living. The purpose of this 
communication is to indicate that it is in 
this sphere that Indian Science has been 
making steady progress over the last few 
years. Government support to this field 
increased substantially through the 
newly established Department of Bio¬ 
technology (DBT) in the Ministry of 
Science and Technology. New strategies 
have been adopted. A competitive spirit 
and good quality of projects are much in 
evidence. Limited funds are concen¬ 
trated on the best researchers, not the 
old laissez-faire policy of distributing 
grants too widely and too thinly. Re¬ 
search grants are being made on a sub¬ 
stantial basis, not too tiny to yield 
successful results. There is more open¬ 
ness and willingness for dialogue 
amongst scientists within the country 
and between them and leading scientists 
abroad. The new policies enable income 
from profitable products to be ploughed 
back into institutional strengthening. 
Brain drain continues but need no 
longer be a worry in view of the ease 
and speed of travel and communication 
across national borders. India continues 
to produce some high quality scientists 
despite the general decline in University 
Research from its pristine position of the 
old days. Indian scientists working in In¬ 
dian Laboratories are producing world- 
class research in a few selected fields. 

I happened to inaugurate a two-day 
workshop on ‘Infectious Diseases: Di¬ 
agnostics, Prophylactics and Therapeu¬ 
tics’, 'at the National Institute of 
Immunology, held on the 21st and 22nd 
December, 1995 under the auspices of 
the DBT. I also had the privilege of 
being associated with a number of sci¬ 
entific meetings on infectious diseases 
organized in the country as fitting trib¬ 
utes to Louis Pasteur towards the latter 
part of last year. It was obvious that 
scientists working in different laborato¬ 
ries and in different disciplines are 
talking to each other and in some cases 
even working together on a common 
project. Substantial advances with po¬ 


tential for industrial exploitation, low in 
cost, high in quality, and relevant to 
India’s needs, are being made. These 
include diagnostic kits for the detection 
of AIDS and tuberculosis at a much 
earlier stage than is possible today, new 
vaccines and drugs against malaria and 
kala-azar, innovative vaccines against 
cholera, which can be administered 
conveniently by mouth and new drug 
delivery systems. On the hepatitis front, 
India’s contributions have been sub¬ 
stantial, ranging all to way from hepati¬ 
tis-causing virus A to hepatitis virus F. 
In the field of hepatitis E, India is a 
world leader, a saga that begins in the 
contaminated waters of Delhi and 
Kashmir. Synthetic peptides as immu¬ 
nizing agents for protection and as di¬ 
agnostic agents in the Eliza system are 
once again gaining respectability as a 
result of Indian scientists’ work carried 
out in India. India is one step short of 
linking with industry to produce and 
test some biotechnology products on a 
scale that will bring economic and 
health benefits to the country. The time 
has come to take steps for a home¬ 
grown biotechnology industry to take 
over. The biotechnological advances are 
non-polluting and gentle on the envi¬ 
ronment. 

I know there are developments in 
other areas of Science and Technology 
in India of equal significance, but this is 
the area I know best. Is this all a belated 
flowering of Science and Technology, 
only to fade away in time? Or will we 
take this opportunity of nurturing and 
sustaining this effort and not let this 
momentum pass by? It is particularly 
important at this stage to open the doors 
and enhance interaction: (a) between 
laboratory scientists and clinical scien¬ 
tists caring for patients; and (b) between 
laboratory scientists and pharmaceutical 
industry if the nation is to move forward 
on this front. The New Year and the 
remaining few years of this century are 
crucial for rejuvenating Indian Science 
and Education to enable them to reach 
cruising altitudes and cruising speed. 
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Nitrogen fixation at night in nature 


The nitrogen balance of natural ecosys¬ 
tems is sustained partly by Cyanobacte¬ 
ria, the autotrophic prokaryotes, that 
occur as free-living individuals or as¬ 
sociated symbionts. These organisms are 
unique due to their capacity to carry on 
the oxygen-evolving photosynthesis and 
the oxygen-sensitive nitrogen fixation 1 . 
One of the recent findings in cyanobac- 
terial nitrogen fixation is the light/dark 
modulation of the nitrogenase activity in 
unicellular members like Gloeothece 2 , 
Oscillatoria 3A and Lyngbya 5 . All these 


forms have been shown to have an ac¬ 
tive nitrogenase under defined labora¬ 
tory conditions. These forms, unlike the 
heterocystous filamentous ones, sepa¬ 
rate the two processes temporally (by 
time). Photosynthesis occurs in the light 
phase and nitrogen fixation in dark. In 
heterocystous filamentous forms, spatial 
separation of the two processes is the 
modus operandi. Nitrogenase activity is 
restricted to the thick-walled heterocysts 
while the vegetative cells carry out 
photosynthesis 6 . We asked ourselves the 


question whether the cyanobacteria that 
lack heterocysts would fix nitrogen at 
night and leave the process to be carried 
on by heterocystous forms during the 
day. Our experiment was carried out in 
a rice-paddy field from 3.30 in the af¬ 
ternoon till 12.30 p.m. the next day. The 
paddy field harboured nonheterocystous 
members like Oscillatoria , Lyngbya , 
Microcoleus and Phormidium , forming 
a dense mat and intertwinning trichomes 
of a Nostoc species. Samples of cyano- 
bacterial mat at six different spots were 
collected and transferred to assay bot¬ 
tles. Acetylene (10%) was introduced 
and the reaction terminated after one 
hour incubation in the field with 
trichloroacetic acid (10%). Samples 
were collected every three hours. On 
completion of the experiment the sam¬ 
ples were brought to the laboratory for 
acetylene reduction assay 7 to estimate 
nitrogen fixation. Figure 1 shows results 
of the field experiment. Considerable 
amount of nitrogen fixation is observed 
in the night possibly due to the mat 
formed by the nonheterocystous fila¬ 
mentous strains. The activity was maxi¬ 
mum at 3.30 a.m. (1.81 nmole acetylene 
reduced/h/mg algal mat). The activity in 
the day was maximum at 9.30 a.m. 
(1.14 nmole acetylene reduced/h/mg 
algal mat) probably due to the few 
trichomes of Nostoc . The light/dark 
modulation of nitrogenase operating in 
cyanobacteria under laboratory condi¬ 
tion is shown in Figure 2, in which a 
Phormidium strain fixed nitrogen during 
the dark phase and the heterocystous 
Nostoc strain showed nitrogenase activ¬ 
ity in light. 

Cyanobacteria seem to play a promi¬ 
nent role in the replenishment of the 
depleting nitrogen source of paddy field 
soils through a round-the-clock process 
of nitrogen fixation, shared equally 
between themselves by morphologically 
different entities coexisting in the soil 
ecosystem. Nitrogen fixation linked to 
photosynthesis occurs during the day 
and the process continues at night in 
Nature. 
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Figure 1. Nitrogenase activity by cyanobacteria! mat in the rice-paddy field. 



Figure 2. Nitrogenase activity by strains of cyanobacteria in the laboratory. 
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Occurrence of Actinoporella cretacica Raineri, an echinoderm 
from the Bagh beds, Dhar area, Central India 


Actinoporella cretacica Raineri is re¬ 
corded for the first time from the up¬ 
permost horizon of the Bagh beds of 
Dhar area. This form is an index fossil 
of the Late Cretaceous and thus its pres¬ 
ence in the bed supports Late Creta¬ 
ceous age for the Bagh beds. The genus 
Actinoporella Gumbel is known from 
the Upper Jurassic and Cretaceous of 
Iraq, Hungary, Italy and Guatemala 1 . 
However, A. cretacica is the only form 
which had been recorded by Raineri 2 
and Pia 3 from the Cenomanian/Turonian 
strata exposed near Tripoli, North Af¬ 
rica. This form is now recorded from the 
uppermost horizon of the Bagh beds of 
Dhar area. The small, detached outcrops 
of marine sedimentary rocks of Creta¬ 
ceous age are found along the Narmada 
valley covering a stretch of about 
350 km and were named as Bagh bed by 
Bose 4 after the Bagh township of Dhar 
District in Madhya Pradesh. In course of 
palaeontological studies, a rich and 
well-preserved fossil assemblage has 
been recovered from this formation by 


many workers 5 " 19 . A cretacica Raineri 
has been recorded from the Coralline 
Limestone. 

In the Dhar District, M.P., the Bagh 
Formation (generally referred to as 
Bagh beds) represents a thin Cretaceous 
marine sequence dominated by argillo- 
calcareous sediments. The Bagh sedi¬ 
ments overlie the Nimar Sandstone and 
is in turn overlain by the Deccan Traps. 
The stratigraphic succession of the Bagh 
Formation according to Bose 4 is as fol¬ 
lows: 

Deccan Trap 

Unconformity 

Coralline limestone 

Deola and Chirakhan Marl 

Nodular limestone 

Nimar sandstone 

Unconformity 

Metamorphics. 

About 1 km from Zirabad on Zira- 
bad-Dhar motor road, a good section of 
Bagh Formation is seen (Figure 1). Only 



F FOSSILIFERQUS- 
H0RIZ0N 

Figure 2. Lithocolumn of fossil locality. 

two stratigraphic horizons are devel¬ 
oped here. At the base about 7 m thick 
nodular limestone is seen intercalating 
with grey shales. Nodular nature of bed 
is the characteristic sedimentary struc¬ 
ture. It grades upwards into ca. 4-5 m 
thick, hard, compact, light brown 
Coralline Limestone (Figure 2). The 
dominant bedding type is large-scale 
cross bedding. Small-scale cross bed- 



Figure 1. Geological map around fossil locality. 
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Figure 3. Section through Actinoporella cretacica Raineri; a, Longitudinal section of the specimen, x 50, slide no. BSIP 11330; b , 
Cross section through normal specimens; x 50, slide no. BSIP 11331; c, Cross section through abnormal specimens. X 100, slide no. 
BSIP 11330; d y Cross section through abnormal specimens, x 50, slide no. BSIP 11332; e , Cross section through normal specimens, x 
50, slide no. BSIP 11333;/, Cross section through normal specimen^, x 100, slide no. BSIP 11333, 


ding and bioturbation structure are also 
seen. 

The discovery of A. cretacica Raineri 
is based on the slides of petrological 
thin sections of the Coralline Limestone 
under Wild Stereomicroscope and Leitz 
petrological microscope. The figured 
slides have been deposited with the 
repository of the Birbal Sahni Institute 
of Palaeobotany, Lucknow. 

The cross section of the specimens is 
circular, diameter measuring 0.42- 
0.68 mm; the centre of the section is 
occupied by calcareous mud which is 
circular in shape, 0.6-1.2 mm in diame¬ 
ter. The skeletal material of the fossil 
itself is light in colour, with radiating 
lateral branches (Figure 3 b-f), number 
of laterals 11-13, the space between the 
laterals found to be narrowing gradu¬ 
ally. In oblique longitudinal section 
(Figure 3 a), the central ring is occupied 
by a long tube perforated by small circu¬ 
lar pores which are arranged in a row, 
filled with calcareous mud. 

The specimens of A. cretacica Raineri 
illustrated in the present paper have 


close similarity with the specimens il¬ 
lustrated by Pia 3 from Tripoli, Libya in 
overall shape of the specimens in differ¬ 
ent sectional views and in the disposi¬ 
tion of lateral branches and pores. But 
the Bagh specimens are relatively larger 
than the Libyan specimens and also 
have less number of lateral branches. 

The affinity of A. cretacica Raineri is 
controversial. Raineri 2 first recorded A. 
cretacica Raineri from the Cenoma- 
nian/Turonian sediments of Tripoli, 
Libya, North Africa and considered it to 
be a member of Desycladaceae. Pia 3 , 
however, doubted the Desycladaceaen 
affinity of A. cretacica. He reinvesti¬ 
gated the original slides of A. cretacica 
Raineri under polarized light and con¬ 
firmed. that A. cretacica Raineri was not 
a member of Desycladaceae but the ra- 
diole of echinoid. The problems of 
confusions of some calcareous algal 
forms with radiole of echinoids in 
petrological thin section and the ways to 
differentiate these forms had been dealt 
with in detail by Horowitz and Potter 20 . 
Badve and Nayak 21 had discussed the 


possibilities of misidentification of ear¬ 
lier recorded algal forms from Bagh 
beds in detail. Our present study has 
revealed that the material within the 
body shows same optical orientation 
both in transverse and lateral sections'. 
Thus our observations support the echi¬ 
noid nature of A. cretacica Raineri 
made by Pia 3 . 

So far this form has been commented 
upon by several authors to be an echi- 
noderm, but no proper placement or 
transfer was done. We find difficulty in 
transferring A. cretacica. In its overall 
morphology, it can be placed under 
clypeasteroid echinoids based upon 
primary spines and cross sections. How¬ 
ever, the form shows overlapping to 
different families and genera belong¬ 
ing to the order Clypeasteroida, in gross 
morphology 22 . We are also, there¬ 
fore, leaving the same in its present 
position. 

The present record of A. cretacica 
Raineri from the Bagh beds supports the 
Cenomanian-Turonian age connotation 
for the formation. 
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Comments on ‘Single-ion activities by a solid ion transmitter 
bridge and a reference electrode without liquid junction’ 


The problem of activity coefficients of 
single ionic species remains one of the 
most controversial and elusive topics of 
classical physical chemistry. Although 
Guggenheim, Gibbs and Taylor shared 
the opinion that individual ion activities 
have no physical reality and are inac¬ 
cessible on the basis of thermodynamic 
measurements, Pitzer and Brewer, 
Kirkwood and Openheim etc. had posi¬ 
tive opinion, and the experimental 
measurements were always found to 
contain some deviation from strict 
premises of equilibrium thermodynam¬ 
ics such as deviation from electroneu¬ 
trality, nonisothermal conditions etc 1 . In 
a recent communication {Curr. Sci., 
1995, 69, 529) Parthasarathy and Ramya 
have claimed that it is possible to meas¬ 
ure thermodynamic values* of single 
ion activity using a solid ion conductor 
by eliminating liquid junction 
potentials. On the contrary, a careful 
analysis of the experimental conditions 
indicates that phase boundary potentials 
or liquid junction potentials are 
not eliminated completely and more 
importantly, incorrect expressions are 
used to derive eq. (4) given in their 
work so as to arrive at inaccurate con¬ 
clusions. 

In this communication, we present 
evidence to disprove their conclu¬ 


sions and to reinforce the argument 
that single ion activities are still ex¬ 
perimentally inaccessible, although 
models based on statistical mechanics 
can be used to compute them theoreti¬ 
cally 2 . 

The ‘solid ion transmitter bridge’ 
does not eliminate the liquid junction 
potential (ljp) because it is only acting 
as another salt bridge —an inorganic 
membrane, which cancels two phase 
boundary potentials and thus minimiz¬ 
ing ljp. Probably cations and anions are 
moving through this solid matrix in 
opposite directions with equal transport 
numbers (possible due to Knudson dif¬ 
fusion in microporous membranes) and 
it is almost impossible to invoke any 
special role for ionic conduction involv¬ 
ing the lattice. Silver ion transport in 
crystalline silver chloride requires at 
least few eV at room temperature and 
any other phenomena such as solvation 
energy or space charge effects cannot 
compensate this 3 . Indeed, the formation 
energies for the predominant cation 
Frenkel defects require temperature of 
at least 250—300°C and chloride ion 
transport through the lattice is almost 
impossible 4 . 

A more serious difficulty is encoun¬ 
tered when one analyses the cell repre¬ 
sentations and emf calculations given on 


page 532 of their article. The ljp of th 
cell, 

Ag/AgCl, KC1 (satd.)/ 
bridge/ZnCl 2 (m), AgCl/Ag (] 

is not zero as two specific contribution 
of Ijps can be identified. 

(i) Difference in the chloride ion cor 
centration alone can cause a contribi: 
tion, which can be visualized easily b 
comparing the concentration cell, 

Ag/AgCl, KC1 (satd.)/bridge/ 

KC1 (m), AgCl/Ag " (2 

and 

(ii) Difference in the nature' of th( 
cations, contributing a ljp, which h 
more difficult to account, although the 
Henderson equation can be used, at 
least in principle to calculate this. This 
can be represented as 

Ag/AgCl, KC1 (m)/bridge/ 

ZnCl 2 ( m'), AgCl/Ag, ( 3 ) 

where m and m’ can be selected to give 
identical chloride ion activity or concen¬ 
tration. This type of hetero-ion ljp can¬ 
not be eliminated, although approximate 
correction can be included in the ex¬ 
perimental emf values. Both these are 
present in the cell represented by (i) and 
hence, ljp is not zero as claimed in their 
text. More importantly, the form of 
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Nernst equation given for e 2 is incor¬ 
rect, as it violates electroneutrality 
(unless, of course, some other important 
parameters are included in the mysteri¬ 
ous £ rcf term) and as a consequence, eqs 
(4), (5) and (6) of their work have no 
physical significance. The Nernst equa¬ 
tion can be applied only to chemical 
equations (representing an equilibrium 
transformation) and charge balance is an 
essential prerequisite. The requirement 
that any real solution be electrically 
neutral prevents any truly thermody¬ 
namic assignment of properties to indi¬ 
vidual ions although in dilute aqueous 
solutions thermodynamic properties 
such as partial molar free energy 
(related to activity), entropy, enthalpy 
compressibility, etc., can have additive 
contributions from individual ionic 
species. 

Notwithstanding above quantitative 
arguments on the basis of Nernst equa¬ 
tion, one can qualitatively accept the 
conclusions if all the following assump¬ 
tions are true: 1. AgCl is an ionic con¬ 
ductor at room temperature; 2. Both 
silver and chloride ions move with 
equal transport number through the 
lattice in opposite direction; and 3. 
Silver chloride lattice has a remarkable 
ability to act as a buffer to nullify any 
concentration gradients across it irre¬ 
spective of the nature of cations and 
anions. 

Some of the other errors (perhaps mi¬ 
nor?) in their text are also noteworthy. 
In the introductory paragraph, the first 
paradigm is not completely correct* as 
impossibility of single ion activity 
measurement is valid for any type of 
electrolyte (irrespective of strong or 
weak) and Ijp can be avoided by a 
proper selection of the reference elec¬ 
trode. If at least one potential determin¬ 
ing ion is common with both the phases, 
equality of chemical potentials (or elec¬ 
trochemical potentials for charged spe¬ 
cies) for equilibrium allows one to 
measure potential accurately, i.e. with¬ 
out ljps, provided both test compartment 
and reference electrode compartment 
have same concentration. Thus, the sec¬ 
ond paradigm given is also partly incor¬ 
rect, although the objective of salt 
bridges is correctly given. 

Another incorrect statement is that 
single ion activity would be a prereq¬ 
uisite for building electrochemical se¬ 
ries without invoking arbitrary zero 
potential for the standard hydrogen 
electrode. We do have an absolute po¬ 
tential scale in comparison with energy 


of electron in vacuum as zero (similar to 
the zero energy level of solid state 
physicists) and the whole electrochemi¬ 
cal potential series is available 5 . 

Similarly, we feel that the statements 
of Guggenheim have been misinter¬ 
preted regarding the role of activity 
coefficient of single ions ‘completely 
unnecessary for an adequate treatment 
of thermodynamics of the cell with liq¬ 
uid junction’, since much later he still 
had used the same terms in formulating 
the basic concept of electrochemical 
potential. 

In summary, the experimental data of 
the authors do not prove that single ion 
activity coefficients are accessible to 
direct experimental measurement as 
there is no accurate elimination of phase 
boundary potentials as claimed by them. 
The solid ion transmitter bridge used in 
the experiment replaces a conventional 
salt bridge and it is difficult to invoke 
ionic transport at room temperature for 
explaining any experimental observa¬ 
tion. 


1. For complete references to all these im¬ 
portant contributions, see Bonceat, N., 
Electrochim . Acta, 1977, 22, 1047. 

2. For example. Sloth, P. and Sorenson, 
T. S., J. Phys . Chem ., 1990, 94, 2116. 

3. Corrish, J., J. Chem . Soc. Faraday, 1989, 
85, 437. 

4. Abo.agye, K. and Frianf, R. J., Phys. Rev., 
1975, B12, 3473. 

5. IUPAC Recommendations, Pure and 
Appl. Chem., 1986, 58, 956. 
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Response 

We have carefully read the comments of 
Vijayamohanan and we are afraid that 
he is unable to transcend conventional 
ideas which have been deeply en¬ 
trenched in the last several decades. 

In the pursuit of science when a new 
result is reported, we should concern 
ourselves with the experimental data 
rather than what the previous authors 
have hypothesized. He claims that he 
has made careful analysis of the experi¬ 
mental conditions and has come to the 


conclusion that phase boundary poten¬ 
tials exist. There is no basis for making 
this assertion as there is no liquid junc¬ 
tion at all. This point is also covered on 
para 1 page 532 of our paper in refer¬ 
ence. Further, Ag/AgCl electrode is 
invariably used for determining thermo¬ 
dynamic activities of electrolyte in 
aqueous solutions, where the anion is 
chloride and is always considered to be 
free from liquid junction potential. He 
has also asserted that incorrect expres¬ 
sion is used to derive eq. (4). This will 
be worthy of attention if the reason why 
the expression is considered incorrect 
has been mentioned. If it is just the 
omission of liquid junction potential 
(ljp), the question will not arise as ljp is 
pointed out to be zero. Further we 
would like to clarify the basis of deri¬ 
vation of the equations mentioned in his 
comments. 

For the cell Zn/ZnCl 2 (m)/AgCl/Ag 

e \ ~~ -^Right -^Left 

■^Right = £°A g /Agci ~ ( RTI2F ) In a 2 c r 

(4) 

^Lcft = £°Zn/Zn 2+ + ( RTI2F ) In tf Zn 2+ 

( 6 ) 

e i = £°Ag/Agci - (RT/2F) In a 2 c r 

- {£°zn/zn 2 + + (RT/2F) In a Zn 2+} 

e l — £°Ag/AgCl ” £°Zn/Zn 2+ 

- (RTI2F) In a Zn 2+ a 2 cf . (3) 

For the cell Ag/AgCl, KC1 (satd.)/ 
bridge/ZnCl 2 (m), AgCl/Ag 

e 2 = ^Righl ~ ^Lcfi 

-^Right - £°Ag/Agci + ( RT/F ) In (l/<3 C i~) 

R'Lcti ~ t 0. 199 V (Ag/AgCl reference 
electrode potential) = ^Ref 

e 2 = £° Ag/AgCl + (RT/F) 

xln (l/tf C f)- £ R ef- 

Salt bridges have very high ionic 
conductivity while AgCl bridge 
has conductivity of the order of 
10~ 8 mho/cm. Any comparison of solid 
ion transmitter bridge with the conven¬ 
tional salt bridge will lead to wrong 
conclusion. He has further suggested 
that cations and anions move in solid 
matrix with equal transport number. It is 
generally known that in solid electrolyte 
the conducting ion could attain a maxi¬ 
mum transport number value of 1. In the 
paper we have not suggested conductiv¬ 
ity for any ion in solid phase. We ha\e 
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suggested a Grothuss mechanism which In precision potentiometric measure- apparent that the electroneutrality will 


is to be differentiated from normal con¬ 
duction of any ion through a micro- 
porous membrane. Here again we have 
to draw attention to the fact that the 
solid ion bridge is absolutely free from 
microporosity and formation of a con¬ 
tinuous pore structure in solid AgCl 
prepared by slow cooling of molten 
AgCl is ruled out to permit Knudson 
diffusion. We have again indicated in 
the paper that the bridge does not allow 
any pressure drop when high pressure 
gas is applied even for long duration, 
which also rules out microporosity. We 
find that even in a solution of HC1, the 
bridge is able to sense single ion activ¬ 
ity, despite very high mobility of the 
proton. 


merits, even when high input impedance 
voltmeter is used, negligible current has 
to be reckoned with. Such orders of 
current will be carried by chloride ion 
induced movement of charge by 
Grothuss mechanism. This is proved by 
fusing AgCl at two ends of a silver wire 
and bending the wire as a bridge to con¬ 
nect the ionic solutions. Such a system 
reproduces the expected value of 
45.6 mV, between calomel and Ag/AgCl 
reference electrode, dipped in satd. KC1. 
Clearly it is the chloride ion which me¬ 
diates the completion of the measuring 
circuit: These results are being commu¬ 
nicated shortly. From the reaction 
schematic shown in Figure lb of our 
paper under reference, it will be readily 


be maintained in both the half cells irre¬ 
spective of any theory about solid AgCl 
bridge. We have also pointed out, if 
instead" of AgCl bridge, a sheet of solid 
AgCl is bent to interconnect the test and 
the reference solution, the results are 
the same. 

The other statements in our consid¬ 
ered view do not justify the effort of our 
refutation. 
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On the work of P-L. Lions 


M. Vanninathan 

During the International Congress of Mathematicians held at Zurich in August 1994, Lions was 
awarded Fields Medal for his significant contributions in the basic understanding of ordinary and 
partial differential equations, calculus of variations and other related areas. He has introduced 
several new ideas including the notions of renormalized solutions, viscosity solutions and the 
principle of concentration-compactness. The object of this article is to introduce certain physical 
models and show how fundamental issues associated with them can be settled by means of the 
above concepts. 


The International Congress of Mathematicians (ICM) 
takes place once in four years. The last one was held at 
Zurich, Switzerland, in August 1994. As usual, there 
were four recipients of Fields Medal, which is the 
equivalent of Nobel Prize in Mathematics. They are J. 
Bourgain, P-L. Lions, J-C. Yaccoz and E. Zelmanov. 
Apart from these, A. Wigderson received the Navan- 
linna Prize. These awards are usually given in recogni¬ 
tion of the existing works as well as the promise of 
future achievements. These medalists were mostly hon¬ 
oured for a body of work rather than a single result ex¬ 
cept perhaps Zelmanov whose contribution was the 
solution of the Restricted Burnside Problem in Algebra. 
The other three awardees of Fields Medal are analysts. 
Yaccoz, one of the leading theorists in dynamical sys¬ 
tems, is working in Universite de Paris - Sud, Orsay, 
France. Bourgain (IHES, France) received the medal for 
his outstanding contributions to several areas of analysis 
including the geometry of Banach spaces, Harmonic 
analysis, Ergodic theory and nonlinear evolution equa¬ 
tions. 

In the above list of awardees, P-L. Lions stands out 
because he is probably the first medalist who has deep 
interest in a wide variety of applications. In a sense, this 
award to Lions may be an indication of the manner in 
which applications in many areas are now beginning to 
stimulate basic research in mathematics. 

Before describing some aspects of his work, let us 
look into his professional life. Born in 1956 at Grasse, 
France, Pierre-Louis Lions was a product of Ecole Nor- 
male Superieure and he obtained his Ph D from Uni¬ 
versite Pierre et Marie Curie, Paris in 1979. Ever since 
1981, he is a professor attached to the Universite Paris - 
Dauphine. To his credit, he has numerous awards and 
distinctions including membership of Academie des Sci¬ 
ences, Paris. He has been a regular speaker in the past 
few ICMs and other important conferences all over the 
world. 


M. Vanninathan is in the TEFR Centre, IISc Campus, Bangalore 
560 012, India. 


Lions is an applied mathematician working in various 
aspects of differential equations (ordinary, partial, inte- 
gro-differential, linear, nonlinear, etc.). He has made 
significant contributions in the basic understanding of 
ODE, PDE, calculus of variations and other related 
areas. Motivated from applications, he has tackled sev¬ 
eral mathematical questions, regarding various physical 
models which include Boltzmann equation, Vlasov- 
Poisson system, Hamilton-Jacobi equation, Hartree- 
Fock equation, etc. His existence and uniqueness results 
give a new insight into these equations which is essential 
in any numerical computations with them. Recently in 
ref. 12, he has obtained global weak solutions to com¬ 
pressible Navier-Stokes equations governing the flows 
of compressible viscous fluids, a very satisfying result 
after Leray’s classical theorems on incompressible flows 
proved in 1930s. No doubt, the difficulties present in 
such models are due to the nonlinearities. A crucial con¬ 
cept which plays essential role in this work is that of 
renormalized solutions which is discussed below in Part 
A in the context of Boltzmann equation. 

It will be a futile effort to try to survey all of Lions* 
works in one article and so a selection of the material 
has to be made. Apart from giving the references to the 
original articles, the purpose of this write-up is to give a 
glimpse of the work of Lions to mature scientists who 
are not necessarily professionals in Applied Mathemat¬ 
ics. Having said this, it would be impossible for me to 
make everything accessible to non-mathematicians. Af¬ 
ter a certain point, mathematical technicalities enter the 
picture. Nevertheless, efforts are made to offer heuristic 
explanation whenever possible, stress the difficulties, 
highlight the ideas of Lions to overcome them and to set 
aside the technicalities as much as possible. 

Part A: Kinetic equations and transport theory 

Kinetic equations are fundamental mathematical models 
of Statistical Physics describing the dynamics of mole¬ 
cules in a rarefield gas. They provide a picture which is 
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intermediate to Classical Mechanics and Continuum 
Mechanics. The state of the system is given by a non¬ 
negative function /=/ (t, x, v ) which represents the 
density of molecules at time t e R + , at the point xe R 3 
and with velocity v e R 3 . Basic models which govern 
the evolution of/ are of the following form: 

c f 

97 + *- Vxf+F- VJ= 

Such models are dictated by the following reasonable 
picture: Since the gas is rarefield, there will be some 
time between successive collisions of molecules. During 
this time, the molecule will travel a positive distance 
called mean free path and its motion is governed by 
Newton’s Law: 


Here F = F(t, x, v) is the force acting on the molecule. 
The right hand side Q is called collision term which 
takes into account collision effects on/. 

There are a lot of assumptions (implicit/explicit) in 
the construction of these models: molecular chaos, bi¬ 
nary collisions, closeness to equilibrium, etc. Thus it is 
not clear even from the physical point of view that there 
is a global solution to them when the Initial Condition 
(IC) is far from equilibrium. Earlier there were some 
results covering some special cases: IC being very 
small, solutions for small time, homogeneous case (i.e. f 
independent of x), etc. No general result was available 
in the literature. That is why the general existence re¬ 
sults of DiPerna and Lions 1 validating the above hy¬ 
potheses came as a surprise. It is our aim here to see the 
new elements introduced by them in the general under¬ 
standing of kinetic equations that led them to their suc¬ 
cess. 

Boltzmann equation. Here F= 0. The collision term Q is 
fairly complicated and it was constructed by Boltzmann 
using his famous molecular chaos hypothesis. 

x, v) = Q+ (f,f)(t, x, v ) - Q_ (//)(?, x, v), 

Q + =1^* d<nB(fl-t/.,Q))/'/' , 

2- = J r3 dy *f, 2 ©)#., 

/» =f(t, x, v*),f' =f (t, x, v'), 
f*=f(t, x, v'), 

v' = V - (v - Vt, co)o), 
v'* = v t + (v- v t , to)©. 

Here B = B(z, co) > 0 is called the collision kernel and it 
is a function of \z\ and <z, to) only. Exact assumptions on 


B are not important for us here; it suffices to say that the 
approach of DiPerna and Lions allows kernels in a large 
class. Let us note the convolution structure in g_ w.r.t 
the variable v. 


Q- (/./)=/• A */, 

Mz) = B(z, ©)do). 


With all these notations, we are now in a position to 
write down the so-called Cauchy problem. 


Given / 0 — / 0 (x, v) > 0, find / > 0 satisfying 
( 3 / /dt)+v-V x f = Q(f ,/) in R+xR 3 xR„ 3 
/ (0, x, v ) = f 0 (x, v). 


(B) 


1. A general scheme for solving Cauchy problems 
and difficulties with Boltzmann equation 

The following general method has been found successful 
in the resolution of Cauchy problems for many models 
and DiPerna and Lions follow it to solve (B). 

First step, (consistent approximation) Define a sequence 
of approximate solutions which can be easily con¬ 
structed. In the case of (B), many such schemes are 
available. One such consistent approximation is as fol¬ 
lows: approximate B by B e Q-(R3 X S2) and Q by Q, 
where ^ 

2(f./) = (l+5j/d») W,/), 8>0, 

where Q is the collision term corresponding to B. Ow¬ 
ing to the fact that Q has linear growth w.r.t/(in con¬ 
trast to Q which has quadratic growth), it is classical to 
establish the existence and the uniqueness of approxi¬ 
mate solutions. The method is based on differentiating 
the approximate equation and thereby extracting bounds 
on the derivatives of its solution. (That is why B was 
smoothened out.) The task is by no means easy and is 
highly technical. Moreover, the crucial work of DiPerna 
and Lions does not lie here. Indeed this scheme of con¬ 
structing approximating solution has been considered by 
earlier authors in the field. What was lacking is a proof 
that these approximate solutions converge to a suitable 
solution to ( B ). The contribution of DiPerna and Lions 
fills up this gap and provides the first global existence 
result for ( B ) via a constructive procedure. 

To analyse this convergence, a sequence of exact so¬ 
lutions {/ } of (B) is considered in the sequel. It is to 
be reiterated that this is done only for simplicity and the 
treatment of approximating sequence will be parallel. 

Second step . (stability) Extract maximum possible a 
priori estimates on {/»} independent of n. This depends 
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a lot on the structure of the equation under considera¬ 
tion. 

Third step, (convergence) By general results of Func¬ 
tional Analysis, it then follows that there exists a subse¬ 
quence of {/"} which converges weakly to / (weak 
convergence simply signifies the convergence of the 
averages, e.g.: sin nx converges weakly to 0). It is a 
general belief that a consistent scheme which is stable is 
actually convergent. For reasons explained below, the 
truth of the above belief is not obvious in the case of 
nonlinear equations. That is why it is not easy to verify 
that jf solves the problem ( B ). 


2. A priori estimates 


The basic idea is to find physical invariants of the form 
Wyfdxdv when / evolves according to (B) and 
\|/ = \|/ (/, x, v) is a suitable function. Usual conservation 
laws of mass, momentum, energy, etc. are obtained in 
this way. It is important to realize that such invariants 
provide estimates on/in terms of IC. Indeed, exploiting 
the structure of Q, DiPerna and Lions derive the follow¬ 
ing estimate for all times t : 

II (1 + bcl 2 + \v\ 2 )fdxdv < 2|| (1 + bcl 2 
+ (1+ f 2 ) \v\ 2 )f 0 dxdv. 

On the other hand, the technique of Boltzmann’s 
//-theorem yields the inequality 

JJ/llog/ldxdz;+jj£(/)dxdz/d,s<c 

+Jj(llog/ O l+ 2\x\ 2 + 2\v \ 2 )/ 0 dxdv, , 


where e(f ) is the entropy flux density given by 


e(f)- 


III 




fj: 

ff* 


df* d© 


and c is a numerical constant. 


3. Extracting a convergent subsequence 

In view of the above estimates, it is reasonable to im¬ 
pose the following restriction on IC: 

j| fo (1 + bcl 2 + \v 1 2 + llog/o Odxdy < C. (1) 

(Physically, this is a reasonable assumption. It says that 
the density, energy, entropy are finite initially. Earlier 
works assumed other smoothness properties on / 0 which 
are not physically meaningful.) Then the sequence of 
exact solutions { f n } will satisfy 

sup ||(l + lxl 2 + \v\ 2 + llog/ n l)/ n dcdv< C r , (2) 

(Xt<T 


J 0 ”J ]e(f n )dxdvds<C. (3) 

In general, a bounded sequence {g rt } in L 1 (R d ), (which 
means that j R d lg rt !dy < C) can exhibit the following be¬ 
haviours. 

Case (i). The mass can escape to infinity. By this, it is 
meant a situation where 

g n (y) = g(y-yn) with 

and the support of g is bounded. 

Case (ii). The mass can concentrate on null-sets. A 
trivial example is provided by Friedrichs’ mollifiers: 
g n (y) = n d p(ny) with p>0 smooth, Jp = 1. It is known 
that g n approaches Dirac measure 8 0 concentrated at the 
origin. 

Case (i) is prevented here by the presence of weights 
bcl 2 and \v\ 2 in equation (2). Case (ii) is ruled out because 
of the estimate on /"!log/ n l implied by equation (2). 
Thus we conclude that (Dunford-Pettis criterion) there 
exists a subsequence (still denoted by n) such that 

f n -/in L\( 0, 71 x R l XR3) weak. (4) 

(Recall that this simply means that the averages of /” 
converge to those of/.) 

4 . Difficulties 

We have carried out Second step and Third step of the 
general scheme in §2 and §3 above. It is expected that 
the limit / obtained in equation (4) is a solution to (B). 
However, there are serious difficulties in proving this. 
We list them now. 

(dl) Using equation (4), it is easy to pass to the limit in 
the left side of the Boltzmann equation in (B) because it 
is linear w.r.t/. On the other hand, it is not clear how to 
pass to the limit in the collision term because it is non¬ 
linear. This is because a weakly convergent sequence (as 
in equation (4)) can sustain oscillations on finer and 
finer scales (e.g: sinnx —0 weakly). In such a case, 
nonlinear functionals J can behave badly in the sense 
that J(f n ) need not converge to /(/) weakly (e.g: 
sin 2 nx^ 1/2 weakly). What we are saying is that non- 
linearities and averages do not commute which is a well- 
known fact. This difficulty is present in any nonlinear 
problem and in particular in (B). 

(d2) If elliptic operators are involved then these oscilla¬ 
tions are usually killed, i.e. we can obtain estimates on 
the derivatives of f n . This phenomenon can be illumi¬ 
nated by considering Burgers equation which contains 
the heat operator: 

du n du n d V 
9 1 +U dx ~ dx 2 
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Multiplication by u n yields bounds for (3 u n /dx), (du n /dt) 
and u n . It is then common to use Rellich’s Lemma (or 
more precisely, Lions 5 Lemma) which implies strong 
convergence of a subsequence of u n (i.e. absence of 
oscillations in u n ). Using this, it is easily concluded that 

3 u n 3 u 

u - 3 — — u-~r~ weakly 

C/A OJt 

provided that 
u n — m weakly. 

The conclusion is that the difficulty mentioned in (dl) 
disappears in the Burgers equation. Unfortunately in the 
present case, we have the following transport operator 
which constitutes the linear part of Boltzmann equation: 

r 4 + *" v -- 

This is hyperbolic and it does not kill oscillations. On 
the contrary it ‘propagates’ oscillations along real char¬ 
acteristics which it possesses. A simple example is pro¬ 
vided by the equation u, + cu x = 0 with IC w(x; 0) = g(x). 
Solution is explicitly given by u(x, t) = g(x - ct) which 
shows clearly how initial values are propagated. In this 
example, solution is no smoother than IC, i.e. there is 
absolutely no smoothing effect at all. Let us close this 
discussion by mentioning that it is an open problem to 
derive estimates on derivatives of solutions of (B). 

(d3) Now we see another difficulty which is by far the 
most serious one. As noted previously, Q contains es¬ 
sentially the convolution product w.r.t v and point-wise 
product w.r.t x, t. By Young’s Inequality, convolution 
product of two integrable functions make sense as an 
integrable function whereas their point-wise product 
does not make sense because the averages of the product 
may not exist. Thus, for / satisfying bounds (2), it is not 
clear how to define the quantity in any reason¬ 

able way. 

We know how to make distributions out of non- 
integrable functions in some simple situations. But the 
situation at hand is quite complicated. Of course, this 
difficulty can be overcome via Holder Inequality if one 
can deduce L p bounds (p > 1 ) on /. However, the deriva¬ 
tion of such bounds for (B) is an open problem. 

5. Main result 

Because of the above difficulties, no genuine progress 
could be made for several decades. This is why, it came 
as a pleasant surprise when DiPerna and Lions 1 ' 2 came 
up with a proof of the following result by introducing 
the notion of renormalized solutions: 

Theorem 1. Let fi satisfy equation (1). Then the weak 
limit f obtained in equation (4) satisfies (B) in the 
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renormalized sense. Moreover f satisfies the entropy 
inequality: 

JJ/ log/ dxdv- JJ/ 0 log/ 0 dwL 

+ JJ e(f )dxdv < 0 for all t > 0. 

It is classically known that a solution of Boltzmann 
equation in the usual sense formally satisfies entropy 
equality. This is the content of Boltzmann’s //-theorem. 
Since/satisfies (B) in the renormalized sense, the ques¬ 
tion arises whether / has the same property. It turns out 
the solution constructed by DiPerna and Lions satisfies 
entropy inequality, thus obeying the all important Sec¬ 
ond Law of Thermodynamics. 

In the sequel, we indicate how DiPerna and Lions 
overcome the above mentioned difficulties in proving 
Theorem 1. 

6. Renormalized solutions 

A fundamental problem in Applied Mathematics and 
Numerical Analysis is to characterize the weak limit of a 
sequence of approximate/exact solutions of a nonlinear 
system. For reasons cited above, this is a non-trivial 
problem. Turbulence modelling falls in this category. 

Let us cite the success story of Hopf equation: 

u, + H(u) x =0, x e R, t > 0, H(u ) = (m 2 /2), 

u(x, 0) = « 0 (x), x e R. 

Approximate solutions are defined by the introduction 
of artificial viscosity: 

< + //(«*), =£* 4 , 1 

m e (x,0) = k o (x). J ^ 

The intrinsic characterization of the weak limit u of u £ is 
as follows: 

n(u) t +q(u) x <0 Vr| convex, 1 

where q'=r\'H' < prime denoting derivative w.r.t u. J 

( 6 ) 

This is somewhat surprising because we pass from an 
equation (5) to a set of inequalities (6). This can be eas¬ 
ily deduced by multiplying equation (5) by T|'(ii e ) which 
yields 

Ifil (m e )+) = eq (« e ) xc - ep V )(ul f 

Passing to the limit as 8 —» 0, we arrive formally at 
equation (6). Equation (6) is known as entropy inequal¬ 
ity which is imposed on solutions of Hopf equation. It is 
known that such solutions are unique. In this process of 
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characterization of the limit of w e , the main idea is the 
consideration of nonlinear transformation r| (u) of solu¬ 
tions. 

Imitating the same idea, DiPerna and Lions introduce: 

Definition, fe L{ oc (i.e. / is locally integrable) is a 
renormalized solution of (B) if Q ± (/,/) (1 +/)" 1 € L} oc 
and the following equation is satisfied in the sense of 
distributions (i.e. in the sense of averages): 

§ 7 +v-v x g=Q(f,m+fr l , 

with g = log (1 + /). 

The choice of the nonlinear transformation (3 (/) = 
log (1 +/) may be justified because (i) it helps to re¬ 
duce the growth of nonlinearities, (ii) log plays an im¬ 
portant role in (B) since the time of Boltzmann. In 
general, the notions of renormalized and distributional 
solutions do not coincide because we are multiplying by 
zero at points where/—» °o. They do if Q± oc- For¬ 
mally, (RB) is obtained by dividing (B) by (1 +/). So 
the above definition might look trivial. But it must be 
remembered that equation in (B) does not make sense in 
general whereas it is proved that (RB) does. The signifi¬ 
cance of this new concept is that the weak limit of nice 
solutions is a renormalized solution that need not be a 
distributional solution of (B). This point was completely 
missed by the earlier researchers in the field. Renor¬ 
malization is the technique used by DiPerna and Lions 
to overcome the difficulty (d3). 

7. Compactness of velocity averages 


(RB) 


can be taken as a quantitative statement of the feeling 
that ‘averages smoothen’ out things. Such a result is to 
be compared with a classical one involving Laplacian. 
In fact if A g = G e L 2 then by Fourier transform 
G©=l^l 2 g(^) and so by Parseval’s Identity we see that 
(dg/dxi), ( d 2 gldxidxj ) are in L 2 . Thus we have a gain of 2- 
derivatives here. 


Proof of Theorem 2. Taking Fourier transform w.r.t jc, 
the main point is to estimate 


l 


g&v) dv 




where K a = supp |(£, -)n{l^.y|< a}. By Cauchy-Schwarz 
inequality, this is dominated by 

j R3 j R 3 | ^ |meas( ^ )| | ( ^)P d ^, 


The proof is over if we remark that 
meas ( K a ) < C a (oc/lE, I). 


8. Passage to the limit 

In this part, which is very technical and tedious, DiPerna 
and Lions show how to overcome the difficulty (dl). 
The main observation is that Q (/,/) involves velocity 
averages and the result of §7 shows that there is then a 
smoothing effect. We have already illustrated the pas¬ 
sage to the limit in nonlinear terms in such circum¬ 
stances. We end here our discussion on Boltzmann 
equation. 


Here we see a remedy suggested by Lions et al. 5 to 
overcome the difficulty (d2) listed above. If there is a 
smoothing effect, (e.g. estimation on the derivatives of 
/) then weak convergence becomes strong via, for in¬ 
stance, Rellich’s Lemma. This can then be used to han¬ 
dle nonlinearities as seen above. However in the case of 
transport operator T, there is smoothing only in non¬ 
characteristic directions. In the characteristic direction 
v; singularities propagate. The discovery in ref. 5 i's that 
velocity averaging compensates for the lack of regulari¬ 
zation in that direction. In some loose terms, one may 
state that the average of a family of hyperbolic operators 
is an elliptic operator. More precisely. 

Theorem 2. Let g e L 2 (R t xR^xRj) be such that 
suppg-K is compact • and Tg = GeL 2 . Then 
igdve H m (R t x R3). 

Let us explain the significance of the above result with¬ 
out defining precisely the symbols used. It says that a 
solution g of the transport equation Tg = G gains 1/2- 
derivative provided we average out w.r.t v. Indeed, it 
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9. Ordinary differential equations 

In this paragraph, we see another beautiful piece of 
work of DiPerna and Lions where they tackle a problem 
which appears in many practical situations. Given a 
vector field B(x) t x e R* we are interested in the flow 
X(t , x) defined by it: ( dXIdt ) = IB(X), X(0, x) = x. The 
first result which comes to our mind is the classical 
Cauchy-Lipschitz Theorem which assumes B is Lip- 
schitz and proves that for a given jc e R N \ there is a 
unique trajectory 11 -> X(t y x) passing through x. This is 
the pointwise description of the flow. The' measure 
transported by this flow satisfies 

e" c ° kl A < X o X t < e^'A, Vf e R, (7) 

whefe A is the Lebesgue measure and cq is the maximum 
value of Idiv B\. In particular, equation (7) shows that 
Lebesgue measure is preserved, if div B = 0. Thus equa¬ 
tion (7) may be considered as a generalization of Liou- 
ville’s Theorem. Furthermore, we have also the stability 
of individual trajectories in terms of IC: 

129 


GENERAL ARTICLES 


\X(t, Xt) - X(t, x 2 )\ < e c,Irl bc, - x 2 \, (8) 

where C\ is the Lipschitz constant of B. 

In many practical situations, B is not Lipschitz. For 
instance, in incompressible fluid flows governed by 
Navier-Stokes equations, the velocity field satisfies 
divM = 0 and Vm is square integrable, i.e. Vm e L 2 
which signifies that the energy of the flow is finite. On 
the other hand, we cannot assert that u is Lipschitz. As a 
consequence, Cauchy-Lipschitz Theorem is inapplicable 
and so a Langrangian description of the flow is not 
available. This has been one of the major handicaps in 
advancing our knowledge on the qualitative behaviour 
of such flows. Tho work of DiPerna and Lions 4 removes 
this obstacle and paves the way for further develop¬ 
ments. 

The inequality (8) shows the instability of-individual 
trajectories if B is not Lipschitz. The idea of DiPerna 
and Lions to overcome this difficulty is to reject the 
point-wise picture of the flow and pass to almost- 
everywhere flow. Initial condition is not fixed. In fact, a 
null set of IC causing instabilities is thrown away. With 
this in mind, DiPerna and Lions introduce the following 
definition. In order to eliminate the problems at infinity 
and concentrate more on the lack of regularity of B , we 
consider bounded smooth region Q c which is in¬ 
variant, i.e. B(x)v(x) = 0, where v(x) is the unit exterior 
normal at x e 3 CL This signifies that fluid is in a con¬ 
tainer which it does not leave. 

Definition. X is an almost everywhere flow associated to 
B if (a) X € C°(R; L'(Q)), (b) X(t, x) e U, it e R, 
xe Q a.e., (c) (3 Xldt) = B(X) in the sense of distribu¬ 
tions. (d) X(t + s, x) = X(t , X(s , x)) Vt, s e R, x e Q a.e. 
(e) (7) holds. 

Theorem 3. Let B e (L { (Q)) n , WB e (L 1 (Q.)) NxN and div 
B be bounded. Then there is a unique a. e flow X such 
that (7) holds. Further the flow X is stable w.r.t pertur¬ 
bations on B. 

The measure transported by the flow becomes impor¬ 
tant in this analysis. Because this measure satisfies 
equation (7), it is intuitively clear that it is enough to 
require for stability reasons that div B is bounded. The 
requirement that V£ is integrable in the above Theorem 
comes up as a consistency condition in the course of 
analysis which cannot be explained in simple terms. Let 
us simply remark that these conditions are considerably 
weaker than Lipschitz condition and they are satisfied 
by incompressible fluid flows. Existence of unique 
Hamiltonian flows is something basic in Classical Me¬ 
chanics and taken for granted by physicists. It is to be 
pointed out that this was not guaranteed in general be¬ 
fore the work of DiPerna and Lions. In the past, there 
have been some attempts to define flows for singular 
vector fields (Piano’s solutions, Fillipov solutions, 
Glimm-Lax solutions). All of them are ‘local’ whereas 


the point of view of DiPerna and Lions is ‘global’ in the 
sense that it is whole flow which is now defined and not 
individual trajectories. The secret of their success is 
discussed in the next section. We close this section by 
mentioning that they have obtained several interesting 
applications of their theory in Fluid Mechanics. We will 
see below in § 11 one application in Kinetic Theory. 

10. Linear transport equations 

It is usual to deduce qualitative properties of PDEs by 
reducing them to ODEs (e.g. method of characteristics). 
However in the present case, DiPerna and Lions follow 
a rather unconventional method of passing from La- 
grangian picture (ODE) to Eulerian picture (PDE). Such 
a study is rendered possible thanks to the notion of 
renormalized solutions. 

The Euler equation corresponding to the flow X(f, x) 
is obtained by writing down the PDE satisfied by 
m(x, t) = u 0 (X(t i x)), where uq is a given initial condition 
(IC). Assuming div B = 0 (for simplicity), we see that u 
satisfies 

(3m / dt) = div (B(x)u) in the sense of distributions,] 

m(x, 0)- u 0 (x) xeQ. J 

(9) 

This is a linear PDE in contrast to the fact that the initial 
system of ODEs was nonlinear. However, the coefficient 
B(x) is not smooth. The idea is to solve equation (9) for 
a large class of m 0 which will enable us to prove Theo¬ 
rem 3. However there is a difficulty in solving equation 
(9). If u 0 e l) then me L 1 and so the product Bu is not 
defined as a distribution. This situation is familiar to us 
and a remedy has already been suggested in §6. The idea 
is to consider nice nonlinear transformation p(w) and 
introduce 

Definition, u e LT (0, T\ L\Q)) is a renormalized solu¬ 
tion of equation (9) if p (m) is a distributional solution of 
equation (9) with IC p(w 0 ) V p e C l 0 (R). 

The two notions (distributional and renormalized so¬ 
lutions) are, in general, different but coincide if u e L°° 
(0, T ; L (fi)). To prove the existence, DiPerna and Li¬ 
ons approximate B and m 0 by B z and m§ obtained by 
convolution with Friedrichs’ mollifiers. It is then classi¬ 
cal to solve equation (9) with B z and m§ instead of B and 
uq. Let the solution be denoted as u E . The big task is to 
show that u z converges weakly and to characterize the 
weak limit. To carry out this, they follow the scheme 
described in §1. Since the method was already explained 
in some detail in the case of Boltzmann equation, we do 
not intend to repeat it here. The main point is that such a 
scheme converges to a renormalized solution of equa¬ 
tion (9) and not to a distributional solution. The new 
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progress that can be made now and that was not possible 
in (B) is a proof of uniqueness for equation (9). The 
proof is a technical marvel which combines all possible 
tricks (due to Stampacchia, Moser, Kruzkov, Gronwall, 
Holmgren ...)* Their end result is 

Theorem 4. There is a unique renormalized solution u 
for equation (9). 

11. Vlasov-Poisson system 

This system can be presented in the following form: 

Given f Q = f 0 (x, v) > 0, find / = f(t,x,v) > 0 
satisfying /( 0,x,v) = f 0 (x,v) and 
(3/ /dt) + V‘V x f + E*V y / = 0inR*xR^xRy 
F=F(t,x) = -V x ®(t i x) r (VP) 

-A® = pinR+xR^, 

P(f,x) = J r3 f(t,x,v)dv. 

It is proved by DiPerna and Lions 6 that .there is a 
renormalized solution />0 to (VP) under suitable hy¬ 
pothesis on Jo. It is tempting to compare (VP) with (B). 
We are going to discuss the main difficulty in (VP) 
which was not present in (B). The above system is sim¬ 
pler than (B) in that collision term is absent and more 
complicated in that the external force F is nonzero and 
is coupled to /in a complicated nonlocal way giving rise 
to nonlinearities. A quick look at the system tells that we 
must define the flow in (x, v) space corresponding to the 
vector field 

B(t , x, v) = ( v , -V x ® (f, x)). 

The principal problem is that this vector field is not 
smooth enough and we cannot apply Cauchy-Lipschitz 
Theorem. On the other hand, the theory of DiPerna and 
Lions presented in §9 applies here. First of all, 
div^ V B = 0. Further the following can be said regarding 
the regularity of ® through a chain of sharp statements: 
The available estimates on/solution of (VP) are 

\v\ 2 fe L l xu (finite energy property), 

flog + fe L\ v (finite entropy property). 

These imply that p log + p g L{ oc . For non-negative 
functions p, this condition is equivalent to saying that p 
is an element of the Hardy class ^C} oc . Thus we see how 
entropy condition and Hardy space are linked. 

The question is how to deduce the regularity property 
of ® which is connected to p via the equation -A® = p. 
We have already seen in §7 that we gain two derivatives 
in L 2 sense for ®. Unfortunately, such a result is not true 
in l) sense. More exactly, if p e L\ oc then we cannot 
assert (3®/3xj), (3 2 ®/3xi 3xj) e L} oc . Since Hardy space 
regularity is better than mere integrability and since 
p g X] oc the above regularity for O is indeed true and 
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this can be deduced from the theory of Singular Inte¬ 
grals. We conclude therefore that VB g L] oc . Thus the 
crucial hypothesis of Theorem 3 is satisfied and so we 
can associate a unique flow to (VP) which solves the 
problem. 

Among several applications given by DiPerna and 
Lions, we have chosen (VP) system to show the sharp¬ 
ness of the results involved so that the reader can ap¬ 
preciate the hypotheses and the conclusions of Theorem 
3 in a better way. 

Part B: Theory of compensated compactness 
and harmonic analysis 

A basic problem with nonlinear models coming from 
various fields is that nonlinear terms appearing in the 
equation are not continuous w.r.t the weak topology in 
the space defined by the physical estimates available for 
the model. In other words, averaging and nonlinearities 
do not go hand in hand. The reason is that a weakly 
convergent sequence can sustain oscillations which are 
magnified by unstable nonlinearities. This was illus¬ 
trated by a simple example in Part A. 

This was a great stumbling block in the understanding 
of many models from mechanics, for instance. A new era 
started with the work of J. Ball around 1977 when he 
discovered physically meaningful nonlinear functionals 
which are continuous w.r.t weak topology. The purpose 
of this part is to describe this situation in detail in one 
example and point out the significant contribution of 
Lions in this domain. 

The situation we have in mind concerns nonlinear 
elasticity. Under the action of a force field, the elastic 
body undergoes deformations and its state is described 
by a displacement field u = (u u « 2 , which minimizes 
suitable energy functional. The admissible fields satisfy 
Vu g L 3 (R 3 ), i.e. jlVwl 3 dx is finite which simply signifies 
that the stored energy of the material is finite. If the 
material is incompressible then we have in addition that 
det(Vw) = 1. In numerical computations, one is often led 
to ask: is the limit of a sequence of incompressible ma¬ 
terials incompressible? The corresponding mathematical 
question can be posed as follows: consider a sequence 
of fields {u n } with bounded energy, i.e. j\Vu n \ 2 dx < c and 
det(Vw„) = 1 Vn. As usual it follows, from general re¬ 
sults of Functional Analysis that for a subsequence 
V« n ^Vw weakly in L 3 (R 3 ). Can one say that 
det(Vw)=l? (or) det(Vw n ) — det(Vw) in the sense of 
averages? Since nonlinear functionals, in general, be¬ 
have badly w.r.t weak convergence, it was a great 
achievement when J. Ball answered the above question 
affirmatively. 

Trying to generalize this example, Murat and Tartar 
came up with a theory (bearing the name of this part) in 
which a fine Fourier analysis of the oscillations and the 
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functional is done to explain why certain nonlinear 
functionals behave nicely, i.e. they are weakly continu¬ 
ous. 

In spite of its existence, the above result had remained 
somewhat a mystery because regularity was always the 
source of good behaviour and there is no mention of it 
in the above theory. Recalling that det(Vu) is a linear 
combination of terms of the form (dujdx\) (dufdx m ) 
(du k /dx„), a priori we can only assert that det(ViO is 
integrable, via Holder inequality. That is why, people 
were pleasantly surprised when Lions et al. n brought 
Hardy space X 1 into the picture and proved 

Theorem 5. For u s W U (R 3 ), det(Vu) e X^JR 3 ). 

We cannot possibly go into the definition of Hardy 
spaces here. In the last section, we have already seen a 
characterization of positive elements p of DC 1 , namely 
that p log + p is integrable. From this, it is obvious that 
saying some function belongs to the Hardy space X 1 is 
much more than saying that it is integrable. The reason 
for this good regularity given by above theorem can be 
heuristically explained as follows: It is true that each 
term (dujdx\) (du k /dx n ) is merely integrable. 

However, det(Vw) is formed by a particular combination 
of these terms and there are nontrivial cancellations 
between them leading to the above regularity. In other 
words, there is a compensation between this functional 
form and the given information Vu s L 3 (R 3 ). Hence the 
name of the theory. 

This result not only explained those of Ball, Murat 
and Tartar but also improved upon them. Furthermore, it 
initiated what is now known as Hardy space approach to 
nonlinear problems. We end this section by pointing out 
Theorem 5 is only one among a set of results due to Li¬ 
ons in this direction. 

Part C: Theory of concentration - compactness 
in calculus of variations 

In several problems in mechanics and other fields, the 
ground state of a system admits a variational characteri¬ 
zation of the following form: Find us K such that 

/ = £(«) = min E(v). (10) 

Typically, E(v) is the energy functional of the system, v 
is the displacement field and K is the set of constraints. 
An elementary example is provided by considering the 
free elastic vibrations of a membrane Q fixed on its 
boundary. The aim is to find the dominant frequency of 
these vibrations. Such a situation is modelled by equa¬ 
tion (10) with 
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Q open bounded in R w 
E(v) = ! Q \Vv\ 2 dx, 

K={vs //>(Q); J Q M 2 dx=l} 

= {v, j Q \v\ 2 dx, J Q IVi/l 2 dx are finite, v = 0 or 3Q}. 

( 11 ) 

The choice of K signifies that the displacements in K 
have finite energy. 

How to solve equation (10)? In practice, one is inter¬ 
ested not only in the existence of a solution to equation 
(10) but also in its stability. That is why, one is inter¬ 
ested in the convergence of any minimizing sequence to 
equation (10) and this is essential for computations. 
With this goal in mind, the so-called direct method of 
calculus of variations proceeds as follows: 

First step. Take any minimizing sequence {v n }, i.e. 
v„s K and E(v n ) —» I. The goal is to examine the con¬ 
vergence of {v n } towards a ground state. 

Second step. Since E(v„) is bounded, we will be able to 
deduce energy estimates on { v n }. 

Third step. Using general results of functional analysis, 
we conclude that some subsequence of {v n } will con¬ 
verge to a limit u weakly, i.e. in the sense of averages. 

Fourth step. Assuming nice continuity properties of 
E w.r.t weak topology, we deduce that liminf£(v„)> 
E(u). In particular, this implies E(u) < I. 

Fifth step. To complete the proof that k is a ground 
state, we must finally show that u s K. 

In practical cases, it is usually difficult to carry out 
fourth and fifth steps. We have already had a taste of 
difficulties in Part A. The above programme has been 
successfully carried out in the case of equation (11). To 
verify Step (5), one uses Rellich’s Lemma which implies 
that 

j \v I 2 dx -* f \v\ 2 dx 
J n Jq 


provided that v n -> v in H l 0 {Q.) weak. 

One can generalize example (11) by choosing 



This time, Step (5) is carried out via Sobolev’s Lemma 
which says that the nonlinear functional JqM p dx be¬ 
haves well w.r.t weak convergence in H' 0 (C1) provided Cl 
is bounded and 1 < p < (2 N/N - 2). In this sense, the 
number (2N/N-2) is a critical index. If p = (2N/N-2) 
in equation (12) then the above arguments fail. Indeed, 
the conclusion of the Sobolev’s Lemma is violated for 
the sequence 

u\x) = e " a w(x/e), a = (N- 2/2) 

(mass concentration at 0). ( 13 ) 
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Likewise, with £1 = R^, a counter example for Rellich’s 
Lemma is provided by 

u n (x) = u(x + x n ) with x n -4 oo 

(mass going to infinity). * (14) 

Thus we see that non-compact groups of translations and 
dilations are potential sources of difficulties and we are 
not able to carry out Step (5) of the above programme. 

Lions 5 works 9,10 are devoted to the study of such non¬ 
compact situations. Several researchers have worked in 
the field. Perhaps Lions is not the first one to discover 
the phenomena involved in such cases. His originality 
lies in the new viewpoint regarding such problems, gen¬ 
erality of his arguments and the enormous number of 
applications developed by him and his coworkers. Be¬ 
low, let us see one example where his theory applies. 
Slightly modifying our earlier example, we consider 

4 = mil W L {Nv\ 2 +a{x)\v\ 2 }djc, 

f r 1 (15) 

K = H l (R N ); J = 

Here we take a(x) smooth such that, a(x) >a 0 > 0 and 
lim*-^ a(x ) = cTx X > 0 is a parameter in the problem. 
The index p is taken to be subcritical: 2 <p <(2N/N -2), 
since the problem (15) is posed on R^ which is un¬ 
bounded. Step (5) of the direct method does not carry 
through for reasons described above (see equation (14)). 
This is one of the fundamental difficulties which arises 
in many practical contexts of which equation (15) is an 
example. 

The idea of Lions to overcome this difficulty is to de¬ 
fine a comparison problem using the same group (of 
translations) which is the source of obstacles. Accord¬ 
ingly, the following problem at infinity is introduced: 

/£ = f {IVfl 2 +a"\tA 2 ) Ax. (16). 

•'R 

The main result can now be stated. 

Theorem 7. If the strict inequalities 

4<4+4“a o^a<x (17) 

are satisfied then any minimizing sequence for equation 
(15) will admit a subsequence which will converge in 
L P (R N ). (In particular, the ground state exists for (15).) 
The converse is also true. 

The primary task in the resolution of equation (15) is 
to locate the place where the energy density is concen¬ 
trated. After all, the drifting of the energy towards in¬ 
finity is the root cause of all troubles (see equation 
(14)). The goal is to examine the circumstances under 
which the energy is concentrated in a bounded region of 
the space which will reduce us to the situation of 
Sobolev’s Lemma and so we are done. The method de¬ 
rives its name from these considerations. 
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Thus one is led to consider the energy density 
fn = Nv n (x)\ 2 + \v n (x)\ 2 associated to any minimizing se¬ 
quence {v n }. Note that \f n dx<c. What can be said of 
the possible behaviour of {/„}? Surprisingly, there are 
only three types of them which are mutually exclusive. 
We describe them in words. 

Vanishing. Energy does not concentrate anywhere. This 
is physically uninteresting and so eliminated. 

Tightness. Energy in f n is concentrated at a point 
x rt e R*. 

Dichotomy. Energy in f n is split into two parts 
which are concentrated in two regions of the space 
which drift away w.r.t each other. 

Dichotomy can occur and it has to be eliminated if we 
expect good behaviour of the minimizing sequence. That 
is why strict inequalities (17) are imposed. Indeed as¬ 
suming j Rjv \v l n \ p dx = a and J rA , \v*W = X- a, we see in¬ 
tuitively that 4 = 4+44 if dichotomy were to hold. 

Next, if {x*} -»oo in the case of tightness then the 
situation is similar to Dichotomy with v 1 =0 or equiva¬ 
lently a = 0. Thus we would have I x = I x which is 
again ruled out by equation (17). Thus, the only case left 
out is Tightness where {x n } is bounded. In this case, we 
can apply Sobolev’s Lemma and so we are through. 

Finally, it remains to verify the strict inequalities (17) 
and that depends on the problem at hand. In the case of 
equations (15), by homothecy, one can check that 
h - X (2lp) Ii and so equation (17) holds for 0 < a < X. If 
a = 0, equation (17) is reduced to I x < I x . Whether this 
holds or not depends on the way a(x) tends to a°° as 
x —» oo. Since this is technical, we stop our discussions 
here. 

Part D: Hamilton-Jacobi equation 

The H-J equation is a scalar, first order PDE proposed 
originally as one of the formulations to describe the 
classical mechanics of particles. We consider its sim¬ 
plest form 

+ /W) = 0, xeR N , t> 0. (HJ) 

where H = H(p) is a smooth Hamiltonian. To see the 
amazing number of ways, it props up in various con¬ 
texts, the reader is advised to go through Lions et al\ 
Its connection with PDE theory can be seen as follows: 
Consider a linear partial differential operator of the 
form P(D) = Liai = m a<xZ> a . The plane waves generated 
by it are given by w(x) = e^'* where 2,^0 is a co¬ 
tangent vector in R^ satisfying P(§) s Xia i = m - 0* 
In order to obtain more general waves generated, we 
look for solutions of the form u(x) = e 1 ^ satisfying 
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P(D)u = 0. This leads to nonlinear first order PDE of the 
type (HJ) for the scalar phase function <j) even though the 
original equation is linear. Thus, it is imperative to un¬ 
derstand (HJ) if one wants to study the instabilities as¬ 
sociated with P{D). 

Another way to reach (HJ) is to consider the classical 
scalar conservation law: 

u t + H(u) x = 0, xeR, t> 0. (18) 

If §(x, 0 = JL, u(y, t)dy then <|) satisfies (HJ). Thus equa¬ 
tion (18) can be considered as a subclass of (HJ) via the 
relation § x = u in the case N = 1. 

One of the first difficulties in the resolution of Cauchy 
problem for equation (18) or (HJ) is that the method of 
characteristics fails to produce a global solution u e C° 
for equation (18) or <j) e C 1 for (HJ); the characteristics 
are described by Hamiltonian system which in this case 
is given by 

dx/dt = H'(u(x , 0)> prime-denoting derivative. 

It is easily checked that u(x(t ), t) s constant if u satisfies 
equation (18). Hence, characteristics are straight lines 
with speed H'{u{x, t)). If the initial condition is such that 
H'(ui) > H'(u r ) then the characteristics corresponding to 
ui and u r would meet and we will have two values for the 
solution at the point of intersection. The basic question 
is, therefore, whether one can make a choice among 
such multiple values so that we have a smooth solution 
of (HJ) or (18). Looking at the complicated wave pat¬ 
terns (starting from smooth phase) produced in experi¬ 
ments, one concludes that this is neither possible nor 
realistic. 

The next best thing is to accommodate such singular 
solutions in (HJ) and (18). Since equation (18) is in the 
divergence form, one can talk of bounded solutions. 
Since derivatives occur inside nonlinearity in (HJ), it is 
not obvious how to define a solution concept in the class 
C°. Even if we do this, it is not guaranteed that there is a 
unique solution. In fact, one can easily produce multiple 
continuous solutions for (HJ) all satisfying same IC. 
Nonuniqueness had been one of the fundamental diffi¬ 
culties with (HJ) and (18). These issues were settled by 
Lax, Oleinik, Kruzkov, etc. in the case of equation (18) 
and more recently this analysis has been extended by 
Lions et al. 1 in a better way to the case of (HJ). 

The principal task is therefore to identify the physi¬ 
cally relevant solutions. One of the parameters which is 
assumed to be zero in (HJ) and in equation (18) is the 
viscosity. If we introduce it, we get the following un¬ 
foldings of the equations (HJ), (18) respectively: 

0ct> e /3r) + //(V<j> e ) = eA^ £ , (19) 

(duUdt) + H(u\ = eA x u\ (20) 

It is physically reasonable to say that the limits of (j) e , u z t 
as 8 -» 0 are the meaningful solutions of (HJ) and equa¬ 


tion (18) respectively. How to characterize these limits 
in an intrinsic fashion? 

As seen in Part A, letting E —> 0 in equation (20) leads 
to the set of inequalities (6) which are to be imposed on 
solutions of equation (18). Physically, this implies that 
only compressive shocks are allowed to be present in a 
solution of equatio'n (18). With this additional require¬ 
ment, one can prove existence, uniqueness and stability 
of solutions for equation (18). 

How to extend the above considerations to equation 
(19)? Following Lions et al. 7 , we can formally argue as 
follows: Assume <j) e -» <|) uniformly. Let \|/ be a smooth- 
test function. Consider a local maximum (jc £ , f) of 
<j) e — xp-. At this point, we have V Xi ,(j) £ (jc e , f) = 
V* ? \|/(x 8 , f) and D 2 <|) e (x e , f) < D 2 \\r(x z , f). In particular, 
A x ^ e (x e i f) < A x \\f{x E , f). As E -» 0, (x e , f e ) will move 
towards a local maximum (x 0 , t 0 ) of § - \|/. Moreover at 
this point, we have 

(3\|//aO + tf(Vv)<0. (21) 

This motivates the following 

Definition . We say <(> e C° is a viscosity sub-solution 
if equation (21) holds at every local maximum (x 0 , t 0 ) of 
4> — \[/. Likewise, <j) e C° is viscosity super-solution if 
(8\|//3f) + > 0 at every local minimum (x 0i t 0 ) of 

<|> - \|i f. Viscosity solutions are both sub and super solu¬ 
tions. 

First remark is that if <j> e C 1 is a classical solution 
then it is a viscosity solution because we can take \jr = 
The above definition completely avoids reference to the 
derivatives of <(>. In distribution theory, we are used to 
shifting derivatives to test functions via integration by 
parts. Here using maximum principle, we are placing the 
derivatives on the test function inside the nonlinearities. 
Thus maximum principle is something in-built into vis¬ 
cosity solutions. It is therefore clear that this concept 
will be useful in systems which possess order-preserving 
property. The main properties enjoyed by viscosity so¬ 
lutions which are not shared by other solutions are listed 
in the following: 

Theorem 8. We take the initial condition (|)(x, 0) = <|>o(jc), 
x e R n and consider the Cauchy problem for (HJ). Un¬ 
der suitable growth conditions on H, we have 

(i) Existence of viscosity solutions <|) in the class of 
Lipschitz functions. 

(ii) Uniqueness of viscosity solutions in the class of 
bounded continuous functions. 

(iii) Viscosity solutions are stable w.r.t uniform conver¬ 
gence on compact .sets without involving deriva¬ 
tives. 

(iv) ( Comparison ) //<j), \\f are viscosity solutions of {HJ) 
with IC <j>o and \j/q respectively with <|)o ^ Vo then 
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The proof of uniqueness, is, without doubt, the sig¬ 
nificant part of the above result. Kruzkov proved the 
same for equation (18) among solutions of bounded 
variation assuming entropy condition. His proof is quite 
complicated and ingenious because one has to play with 
inequalities (6). Assertion in Theorem 8 (ii) is much 
stronger. However, the proof given in ref. 7 is surpris¬ 
ingly not very complicated. 
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Viewing solar mysteries from space 


Bhola N. Dwivedi 


The solar atmosphere presents a rich tapestry, providing astrophysics with new , unexpected de¬ 
signs of great intricacy . And for millennia we have based our views of the Sun (and the universe) 
in the narrow visual window of the electromagnetic spectrum. Over the last fifty years or so, this 
has been extended to the radio, ultraviolet, X-ray, gamma-ray and other parts of the spectrum . 
This article presents solar mysteries viewed from major space programmes in the past and future 
space missions underway to unravel these mysteries . 


FOR millennia, the Sun (and the universe) has been 
viewed in the visual light that unaided human eyes are 
capable of seeing. As the bestower of light and life, the 
ancients made God out of the Sun. There was conster¬ 
nation, therefore, back in the seventeenth century when 
Galileo demonstrated that the Sun was not the immacu¬ 
late object as supposed by ancient philosophers. Since 


Bhola N. Dwivedi is in the Department of Applied Physics, Institute 
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then, interests in our nearest star, the Sun, with its sun¬ 
spots and related magnetic phenomena (see Figure 1), have 
been passing gently from the consternation of philosophers 
to the fascination of astronomers and astrophysicists. There¬ 
fore, the observations of the Sun and their interpretations 
are of universal importance for at least two fundamental 
reasons. First, our Sun is the source of energy for the 
whole planetary system including our own planet and 
almost all aspects of our life have direct relations to 
what happens on the Sun; and second, our Sun 
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Figure 1. Brief view of our star the Sun: Solar energy derives from nuclear reactions in the core of the Sun at about 16 million degrees, the 
pressure being 300 billion times the atmospheric pressure on the Earth. This energy (in the form of X- and gamma-rays) is first transmitted 
through the radiation zone and then the convection zone (outer 200,000 km out of a total solar radius of 700,000 km). Because of tremendous 
pressure, this energy is continually absorbed and re-absorbed and may take 10 million years to reach the surface of the Sun. The rotation and 
convection combine to produce dynamo action, where electric currents and magnetic fields are generated and change with a 22-year cycle. The 
magnetic field leads to the formation of sunspots that combine to form active regions together with the surrounding gas. Such regions often 
explode into flares which produce intense local heating and energetic particles, and can cause coronal transients which expand into space, 
envelop the Earth, and generate magnetic storms, including auroral displays. Visible solar radiation comes from the thin cool (about 6000 de¬ 
grees) layer called photosphere, which is a ‘barrier’ for observing both the Sun’s interior and its outer atmosphere. SOHO will use special 
techniques to open a window into the Sun’s interior and out into its extended atmosphere. The chromosphere is somewhat hotter (about 10,000 
degrees), while corona is so hot (greater than a million degrees) that it remains as one of the unresolved problems of solar science. (Courtesy 
ESA.) 


is the only star among the billions of stars in our sky, of 
which we can resolve surface details and see astrophysi- 
cal processes at work - processes on enormous scale, 
which occur not only on other stars but also in other 
astrophysical contexts throughout the universe. 

When viewing the Sun from the surface of the Earth, 
all the observations are unfortunately restricted to the 
visible and the radio windows of the solar radiation. All 
the other windows of the electromagnetic spectrum, 
namely, infrared, ultraviolet, extreme-ultraviolet, X-rays 
and gamma-rays are completely absorbed by the Earth’s 
atmosphere and never reach the surface of our planet 
(see Figure 2). Likewise, the streams of plasma (known 


as solar wind), continuously flowing from the Sun and 
high-energy particles emanating from the acceleration 
processes on the Sun do not reach the Earth’s surface, 
since they are deflected by the Earth’s magnetic field. 
Both these facts are surely a boon to life on Earth which 
could not survive without shielding from the damaging ul¬ 
traviolet radiation, X-rays, gamma-rays and energetic par¬ 
ticles. But from the viewpoint of astronomers, confined to 
the surface of the Earth, it is indeed frustrating not to be 
able to see the short-wavelength, high-energy, universe. 
Thus, the most important physical processes on the Sun 
(and of course, anywhere in the universe) which are best 
understood via the analysis and interpretation of these 
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Satellites 


Rockets 


Balloons 


Figure 2. Modem astronomy uses all regions of the electromagnetic 
spectrum. The Earth’s atmosphere absorbs most infrared light as well 
as gamma-rays. X-rays, and ultraviolet light. To observe this radia¬ 
tion, we must go above our atmosphere. This plot depicts the atmos¬ 
pheric absorption of electromagnetic radiation showing the spectral 
regions accessible by balloons, rockets and satellites. 


high-energy radiations, cannot be observed at all by the 
ground-based experiments. Fundamental solar processes 
are also being studied on ground (e.g., GONG: Global 
Oscillation Network Group) and underground (neutrino 
telescopes), while solar radio astronomy has attained 
enough sophistication to compete with space probes for 
coronal studies. 

To observe the X-ray and EUV corona or solar ener¬ 
getic particles, therefore, instruments must be flown on 
balloons, rockets or satellites to altitudes above our at¬ 
mosphere which is opaque to these radiations and out of 
the Earth’s magnetic envelop (magnetosphere) which 
deflect energetic particles. Thus, the progress in this 
area had to await the arrival of the space age. As a result 
of space-borne instruments, we now have a much better 
understanding of the solar atmosphere. Chromosphere is 
the region of the solar atmosphere above the photo¬ 
sphere and temperature minimum characterized by a rise 
in temperature with height and much fine structure, 
mostly in the form of a network of bright patches; the 
transition region lies between the chromosphere and the 
corona characterized by a steep rise in temperature; and 
the corona is the high-temperature region extending high 
above the Sun consisting of almost fully ionized plasma 
in closed magnetic field loops or of plasma expanding 
outwards along open magnetic field lines. The X-ray and 
EUV corona appear to be highly structured consisting of 
loops, streamers and holes, the shapes of which are 
controlled by magnetic field (see Figure 3). Variations 
of this magnetic field cause flares and accelerate parti¬ 
cles up to cosmic-ray energies. We also record all kinds 


of particles in interplanetary space that continuously 
stream out or intermittenly eject from the Sun 1 . 

Some of these observations are carried out by bal¬ 
loons flying at high altitudes. We have then much better 
visibility in the infrared, and observations can extend 
farther into the ultraviolet light. If launched at higher 
geomagnetic latitudes, balloons can also record ener¬ 
getic particles which penetrate to lower altitudes close 
to the geomagnetic poles. Rockets, of course, go signifi¬ 
cantly higher, carrying instruments which are capable of 
observing the entire electromagnetic radiation. Although 
the stabilization and accurate pointing of a rocket carry¬ 
ing such experiments have reached a high degree of so¬ 
phistication, the brevity of a rocket flight lasting 
typically ~5 minutes during which it is capable of accu¬ 
mulating the scientific data is an obvious disadvantage. 
Thus, the entire electromagnetic spectrum and energetic 
particles from the Sun are best recorded by instruments 
on board satellites orbiting the Earth or by space-probes 
orbiting the Sun. 

There are, in principle, two different modes for solar 
observations that one can carry out in space. The easier 
and simpler one records the radiation of the whole Sun 
at selected wavelengths and energies without spatial 
resolution. Many satellites and space probes have been 
doing this for over three decades, looking towards the 
Sun and recording the ultraviolet, extreme-ultraviolet, 
soft and hard X-ray, gamma-ray or energetic particle 
emissions from the Sun into the interplanetary space. 
This kind of observation was made by most sophisti¬ 
cated instruments at the three ISEE (International Sun— 
Earth-Explorer) satellites, of which two were orbiting 
the Earth and the third was staying near the libration 
centre between the Earth and the Sun. For X-ray and 
gamma-ray energies, and particle radiation, this is the 
easiest mode to be accomplished. However, we need to 
know from where on the Sun and how the radiation has 
been emitted, in order to understand the structure of the 
emitting source and the physical processes that produce 
the radiation. This is achieved by the other mode of so¬ 
lar observations - the imaging of the Sun. 

To accomplish this second mode is much more diffi¬ 
cult (and expensive). In the first mode, a detector with a 
wide field of view (several degrees of arc) looking in the 
direction of the Sun (the angular diameter of which is 
half-a-degree of arc) gives us all the information we 
need. If we want to image the Sun, however, we must 
point the satellite detector all the time exactly at the 
place we want to image. For example, if we want to im¬ 
age a part of the solar surface with a spatial resolution 
of one arcsecond (about the best resolution we get at the 
Earth; one arcsec = 725 km), we must keep the instru¬ 
ment pointed at the Sun all the time with this extremely 
high precision, which is not easy to achieve. More¬ 
over, the high-energy radiation cannot be imaged by 
means of the optics commonly used in the optical 
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Figure 3. Stanford/MSFC Rocket X-ray Telescope image of the Solar Corona, taken on 23 October 1987 at 18:08 UT 
(64 second exposure). The million-degree-corona, photographed by a multi-layer Cassegrain X-ray telescope in the 
171-175 A, is dominated by Fe IX and Fe X emission lines. (Courtesy, A. B. C. Walker, Jr.) 


range at ground-based observations. One has to use 
special optical materials in the ultraviolet, quite differ¬ 
ent optical arrangements in soft X-rays, and completely 
new imaging methods (collimators), without any use of 
optical surfaces, at still higher energies. To achieve high 
resolution with these equipments is not easy. All this 
makes good imaging of solar features from a satellite a 
difficult and expensive task. 

The first attempts to image the Sun were made aboard 
the Orbiting Solar Observatories (OSOs), consisting of a 
rotating wheel structure and a section permanently 
pointed at the Sun, carrying several imaging instru¬ 
ments. However, their spatial resolution was much 
worse than that of instruments in the optical range based 
on the Earth. Although we learned a lot from the OSO 
observations about the physical processes on the Sun, 
the spectacular success came only with the launch of the 
NASA spacecraft, Skylab, in May 1973. It was the first 
manned observatory, with crews of astronauts being 
ferried up to the spacecraft for periods of several weeks 
on three occasions during the nine-month-long mission. 
An array of instruments called the Apollo Telescope 
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Mount (ATM) onboard Skylab was designed to study 
the Sun in various wavelengths: soft X-ray, extreme- 
ultraviolet, ultraviolet and white-light. Observations 
from these instruments gave us an enormous amount of 
completely new information about the Sun. For the first 
time, we got high-resolution (2 arcsec) images of the 
solar corona all over the disc in soft X-rays; frequent 
high-quality images of the corona above the solar limb 
up to a distance of several solar radii; images of the Sun 
in many spectral lines of different elements throughout 
the whole solar spectrum, and profiles of these lines in 
various features of the solar atmosphere 2 . This set of 
instruments discovered the existence of coronal holes 
(regions of substantially reduced radiation), and dem¬ 
onstrated that these parts of the solar corona, where the 
magnetic field-lines go straight out of the Sun, are the 
sources of the high-speed solar wind. Everywhere else 
(‘non-hole’ corona), the magnetic field is closed and the 
whole corona is thus composed of a variety of loops. 
The magnetic field in these loops confines hot and dense 
coronal plasma and makes it thus visible in the X-ray 
and extreme-ultraviolet images. Another Skylab discov- 
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Figure 4 a. Soft X-ray image of the Sun on 25 January 1992, taken with the Soft X-ray Telescope (SXT) aboard 
Yohkoh using a red temperature colour in which the bright part corresponds to high-intensity regions, while the dark- 
red part corresponds to low-intensity regions. The picture shows active regions with thread-like structures as well as a 
number of small X-ray bright points in dark coronal holes. (Courtesy, D. Alexander.) 


ery was that of the ‘X-ray bright points’, small magnetic 
dipoles emerging in high numbers to the surface of the 
Sun. Skylab also discovered the existence of coronal 
transients (which we now call coronal mass ejections), 
enormous clouds of plasma expanding from outbursts 
near the solar surface through the outer corona into in¬ 
terplanetary space. 

The next highly sophisticated solar satellite, the Solar 
Maximum Mission (SMM) was launched into an orbit 
around the Earth on 14 February 1980. This satellite 
carried seven different experiments, primarily designed 
to observe flares or associated phenomena in a wave¬ 
length range extending from white-light to gamma-rays. 
As the spacecraft was unmanned, the data had to be re¬ 
corded electronically and telemetered down to ground 
stations. A large number of flares was observed as this 
satellite operated at times of high solar activity. Study of 
hard X-ray emission revealed the extremely high tem¬ 
peratures in flares, e.g. up to 30 million degrees Kelvin 
for the largest outbreaks. The presence of upward- 
flowing hot gas, with velocities of several hundred 


kilometres per second, was detected at the onset of the 
flares. These flows seemed to occur simultaneously with 
bursts of energetic, hard X-rays with wavelengths much 
less than 0.1 nanometres. 

Other satellites operating over the period of solar cy¬ 
cles 21 and 22 included the US satellite P78-1 and the 
Japanese Hinotori satellite. The P78-1 spacecraft carried 
the SOLWIND coronagraph and soft X-ray spectrome¬ 
ters which obtained the first observations of the broad¬ 
ening and shifts of soft X-ray lines emitted during the 
solar flare impulsive phase. Hinotori carried a soft X-ray 
spectrometer, obtaining the highest-resolution spectra, 
and an imaging hard X-ray instrument. Spacelab 2 was a 
week-long mission on the Challenger Space Shuttle in 
the summer 1985. A large number of scientific instru¬ 
ments - biological, astronomical and solar - filled the 
bay of the Shuttle, and were operated by astronauts. The 
solar instruments included an extreme ultraviolet spec¬ 
trometer (CHASE) to measure the coronal helium abun¬ 
dance, an ultraviolet high-resolution telescope and 
spectrograph (HRTS) and a high-resolution optical 
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Figure 4b. X-ray image of the Sun obtained from Yohkoh spacecraft on 28 SeDtemher moi 

Minimum) showing the evolution of the corona quite clearly over a three and half yeafperiod (Co U ^yf “SnS.)” ? AplU 1995 (S ° lar 


imaging polarimeter (SOUP). The success of the mission 
promoted the possibility of a second flight of the solar 
instruments, but the disastrous Challenger accident in 
1986 led to an indefinite postponement of this project 3 . 

The most recent Japanese Yohkoh spacecraft, 
launched on 30 August 1991 is observing flares with 
hard and soft X-ray imaging instruments, in addition to a 
sensitive X-ray crystal spectrometer observing lines of 
very hot ions. The images (see Figure 4 a ) obtained by 
the Soft X-ray Telescope (SXT) on Yohkoh satellite are 
capable of showing coronal structures with a spatial 
resolution of 2.5 arcsec that is better than on Skylab and 
much better than on SMM. The SXT images of the full- 
Sun , obtained at intervals of few hours have been put 
together to form ‘movies’ which show the complexity of 
the various fascinating phenomena taking place all over 
the Sun. Huge streamers on the solar limb are carried on 
to the disc by solar rotation, where they may appear as 
arcades of loop structures. Sometimes there is a sudden 
expansion of a large loop-like coronal structure, with 
apparent ejection of coronal material, leaving the Sun at 
speeds higher than the escape velocity (618 km/s). Giant 
post-flare arches behind such ejections expand with 
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slow constant speeds for tens of hours up to altitudes of 
-300,000 km. Coronal holes appear as dark voids at 
either pole and as narrow regions at lower latitudes. 
Bright points constantly flicker, with lifetimes of less 
than a day over the entire solar surface. X-ray ‘jets’, a 
phenomenon then observed for the first time, appear as 
columns of fast-moving material with velocities of 100 km/s 
or more. The SXT images of flares show the loop-like 
structures previously observed by Skylab and SMM. In 
addition, many of them show a bright, point-like structure at 
the loop apex, a puzzling phenomenon because heat con¬ 
ductivity is so large for a hot coronal gas that one would 
expect such point-like sources to be rapidly dissipated 
along the length of the loops in which they occur. In¬ 
stead, they persist for a long time in some flares. It is 
possible that they are blobs of hot, ionized gas that are 
pinched by the magnetic field. This picture, if correct, 
might require some change in our perception of solar flares, 
which were considered to result from the reconnection of 
magnetic field lines 4 . Recent X-ray data from Yohkoh also 
reveal a striking dimming of the corona (about 30 times 
dimmer) between 1991 and 1995 (see Figure 4 b). This 
change reflects the fluctuations of the 11-year 
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Figure 5. The ambitious Solar Probe Spacecraft is shown with white 
light solar corona in the background (with expected perihelion at a 
distance of 4 solar radii, corresponding to 2.8 million km). The shape 
is dominated by thermal shield which serves as an antenna at the 
same time. (Courtesy, E. Marsch.) 


solar cycle, as it evolves from its period of maximum 
activity in 1991 to one of its minimum in 1997. 

In order to study the solar-terrestrial relations, several 
spacecraft have explored the terrestrial and other plane¬ 
tary magnetospheres and the interplanetary medium, not 
only near the Sun but also at the edge of the solar sys¬ 
tem, notably Pioneers 10 and 11 and Voyagers 1 and 2. 
Our knowledge of the nature of interplanetary space has 
largely come from instruments on these and other space¬ 
craft which have measured energies and compositions of 
the charged particles making up the solar wind as well 
as magnetic and electric fields. Much information has 
come from instruments imaging the terrestrial auroral 
zone, like the Dynamic Explorers and an experiment on 
the Swedish Viking spacecraft, all launched in 1980s. 
The goal of the Ulysses mission was to escape the con¬ 
fines of the solar equator where all previous measure¬ 
ments had been made, and to reach the vicinity of the 
Sun’s poles. The spacecraft Ulysses, launched on 6 
October 1990 from the Space Shuttle, used three upper 
stages to escape the Earth’s gravity en route to Jupiter. 
The encounter with Jupiter on 11 February 1992 rotated 
the orbit 80° relative to the solar equator. The resulting 
flight path passed under the south pole of the Sun, re¬ 
turned to the ecliptic (March 1995) and passed over the 
north pole (June through September 1995). The space¬ 
craft again heads out toward the orbit of Jupiter at 
5.3 AU. The orbital period of Ulysses is 6.3 years, so 
that on the next revolution around the Sun, the space¬ 


craft will pass over the south and north polar regions 
during the coming solar maximum in 2000 and 2001. 
Ulysses has already explored the field and particle envi¬ 
ronment of the Sun’s polar region. The solar wind speed 
was fast and nearly constant about -50° latitude. Com¬ 
positional differences were observed in slow (low- 
latitude) solar wind and in fast (high-latitude) solar 
wind. The radial magnetic field did not change with 
latitude, implying that polar cap magnetic fields are 
transported toward the equator. The intensity of galactic 
cosmic rays was nearly independent of latitude. Their 
access to the polar region is opposed by outward travel¬ 
ling, large amplitude waves in the magnetic field 5 . 

Solar spacecraft for the 1990s - The Solar and Helio¬ 
spheric Observatory (SOHO) successfully launched on 
2 December 1995 will observe the Sun from an equilib¬ 
rium point between the Sun and the Earth, while the 
CLUSTER group of four satellites will investigate the 
three-dimensional structure of the Earth’s magneto¬ 
sphere and surrounding solar wind. Both these projects 
are jointly undertaken by NASA and European Space 
Agency (ESA) within the frame of the Solar Terrestrial 
Science Program (STSP). The STSP, in turn, forms part 
of ESA long term science plan known as ‘Space Sci¬ 
ence: Horizon 2000’ and NASA collaborative Interna¬ 
tional Solar-Terrestrial Physics (ISTP) program with 
ESA and ISAS (Institute of Space and Astronautical 
Science, Japan). The main objectives of SOHO include 
the study and understanding of solar coronal phenomena 
and of the solar structure and interior dynamics from its 
core to the photosphere. The primary goal of the coronal 
and solar wind studies is to understand the coronal 
heating mechanism and its expansion into the solar 
wind. These goals will be achieved both by remote 
sensing of the solar atmosphere with high-resolution 
spectrometers and telescopes and by in-situ measure¬ 
ment of the composition and energy of the resulting so¬ 
lar wind and the energetic particles that propagate 
through it. The structure and interior dynamics will be 
studied by helioseismological methods and the meas¬ 
urement of solar irradiance variations 6 . 

SOHO will also collaborate with other space missions. 
For instance WIND and CLUSTER, when outside the 
magnetosphere, will provide solar plasma parameters 
that will complement the coronal and solar wind meas¬ 
urements of SOHO. When CLUSTER is inside the mag¬ 
netosphere, SOHO will be $ useful monitor for the 
conditions of the environment external to the magneto¬ 
sphere. Some common scientific objectives and cross¬ 
fertilization aspects between CLUSTER and SOHO are 
also expected. For example, plasma transport into and 
out of regions of closed magnetic field lines occurs near 
the Sun and in the Earth’s magnetosphere, as well as in 
many astrophysical contexts. Explosive releases of en¬ 
ergy occur both on the Sun (coronal mass ejection) and 
in the geotail (plasmoid). Magnetic field line merging is 
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a fundamental process that occurs on the Sun and in the 
magnetosphere and perhaps also in the solar wind. It is 
particularly associated with extended, thin current 
sheets, which are observed in the Earth’s magnetosphere 
and are inferred to exist at the Sun. Joint studies by 
these two missions will illustrate the roles of the differ¬ 
ent parameter regimes and the limits of the analogy. 
This will throw light on the attempts to extrapolate and 
apply knowledge gained in solar-system studies to re¬ 
mote astrophysical objects. 

• Finally, it should be emphasized that the SOHO mis¬ 
sion, being the first ‘cornerstone’ of ESA long-term 
programme, ‘Space Science - Horizon 2000’, will play a 
profound role in the pursuit of space science and plasma 
physics research from a coordinated approach between 
in-situ observations by CLUSTER, Ulysses, Geotail, 
Interball, Wind, or Polar and the remote and in-situ 
measurements taken by SOHO. 

A number of other spacecraft are currently being de¬ 
fined and planned. These include the NASA Orbiting 
Solar Laboratory, which will have imaging and spectral 
instruments covering the range from X-rays to white 
light, and the ambitious ‘Solar Probe’ which will meas¬ 
ure small solar structures from an orbit with an expected 
perihelion at a distance of four solar radii, correspond¬ 
ing to 2.8 million kilometers from the solar surface; the 
shape is dominated by thermal shield which serves as an 
antenna at the same time (see Figure 5). European Space 
Agency hopes to provide a solar physics element for the 
Columbus Space Station, which may consist of a set of 
instruments, including an imaging high-resolution spec¬ 
trometer in the extreme-ultraviolet spectrum to study the 
chromosphere, transition region and the corona. 


Thus, indeed, we are fascinated to accomplish and see 
the beauty of our star, the Sun, in the entire electromag¬ 
netic light, thanks to the great technological advance¬ 
ment. We wish to understand and appreciate ‘what heats 
the corona?’, ‘what accelerates the solar wind?’ and 
many other questions. Seek simplicity and distrust it - 
‘so is the case of the corona, like life: the closer we 
look, the more detail we see. And exploration of our star 
will continue with our quest of knowledge to understand 
it substantially if not fully. Shall we ever fully under¬ 
stand our Sun? 

How did the Sun get in her place 

with her round and shiny happy face? 

Who cast the shadows, high and low? 

I do not know, I do not know! 

With good science, vision, wisdom and realism, we 
should be optimistic! 
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The Charles Stark Draper Prize 

John R. Pierce and Harold A. Rosen were awarded the $400 000 Charles Stark 
Draper Prize-the world’s largest award exclusively for engineering achievement. 
Pierce was responsible for designing and launching Telstar 1, the world’s first 
active communication satellite. Rosen devised an ingenious method of placing the 
Sync m II satellite in geosynchronous orbit. The Draper Prize is endowed by the 
Charles Stark Draper Laboratory Inc., Cambridge, Mass. 
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Understanding inverse correlation between the 
levels of class I major histocompatibility 
antigens on tumour cells and their 
susceptibility to lysis by natural killer 
cells: Evidence of competition experiments 


Rajiv K. Saxena 

School of Life Sciences, Jawaharlal Nehru University, New Delhi 110 067, India 


Natural killer (NK) cells, a class of lymphocytes dis¬ 
tinct from T or B lymphocytes, can spontaneously 
lyse a variety of tumour cells without the need for a 
prior sensitization. A specific immune response 
against tumour cells results in generation of another 
class of cytotoxic effector cells, i.e. cytotoxic T- 
lymphocytes. Tumour cells must share some class I 
MHC antigens with the cytotoxic T-cell in order to 
be recognized and lysed by the latter. There is no 
such requirement for NK cells. Target cell MHC I 
antigen expression is however still an important fac¬ 
tor in regulating the susceptibility of target cells to 
NK cells. An inverse correlation between the expres¬ 
sion levels of class I MHC antigens on target cells 
and their susceptibility to NK cells has been found. 
In this article, I have evaluated the existing hypothe¬ 
ses for explaining the basis of inverse correlation 
between target MHC I expression and NK suscepti¬ 
bility, in view of results of our recent experiments in 
which the effect of competing tumour cells with nor¬ 
mal or augmented MHC I expression, on the lysis of 
target tumour cells has been studied. _ 


Unlike cytotoxic T cells, natural killer (NK) cells kill 
targets in a MHC (major histocompatibility complex) 
non-restricted manner. Class I MHC antigens on target 
tumour cells may, however, play a role in determining 
their NK susceptibility. An inverse correlation between 
the levels of class I MHC antigens on target cells and 
their NK susceptibility has been demonstrated in many 
studies 1-4 , though exceptions have also been noted . 
Ljunggren and Karre 1 proposed two possible mecha¬ 
nisms by which target cell MHC class I antigens may 
influence the NK susceptibility. According to the first 
model, MHC class I antigens on target cell membrane 
may interfere with the recognition of target structure 
molecules by NK effector cells. Nature of the target 
structures on tumour target cells is not clearly under¬ 
stood, though recent evidence seems to indicate that 


certain carbohydrate residues may act as target struc- 
tures recognized by NK cells 6 . The second model for 
explaining the inverse correlation between the levels of 
class I MHC antigens on target cells and their NK sus¬ 
ceptibility, proposes that class I MHC antigens on target 
cells, may send a down regulatory signal to effector NK 
cells. 

If the activity of effector NK cells can be regulated by 
class I MHC antigens on the target cells, some receptor 
molecules on NK cells with target cell MHC class I 
molecules as their ligands, may be present. A family of 
type II integral membrane proteins, belonging to the 
superfamily of lectin-like molecules, has generated con¬ 
siderable interest in this regard. This family of mole¬ 
cules has, as its members, adhesion molecules of 
Selectin category (MEL 14/LAM 1, ELAM-1, etc.) 
which generally bind carbohydrate ligands in a calcium- 
dependent manner and are involved in directing the mi¬ 
gration or homing patterns of leukocytes 7,8 . Ly 49 mole¬ 
cule, which is a homodimer of 84 kDa, belongs to this 
superfamily, and is expressed on a subset of murine 
(C57B1/6) NK cells 9 . Available evidence indicates that 
specific class I MHC molecules (H-2 d and H-2 k mole¬ 
cules) on tumour target cells, act as ligands for Ly 49 
molecules and this interaction sends a down regulatory 
signal to the effector NK cell, resulting in sparing of the 
target cell from NK cell mediated lysis 10,11 . In general, 
Ly 49 + class of NK cells fail to lyse H-2 d /H-2-bearing 
targets, whereas Ly 49 subset of NK cells may effi¬ 
ciently lyse the same target cells. A prominent exception 
to this rule appears to be YAC tumour cells which ex¬ 
press D d antigens but are efficiently lysed by both Ly 
49 + and Ly 49 - NK cells 9 . Since Ly 49 and/or related 
molecules may act as receptors for target cell MHC 
class I molecules, and send a down-regulatory signal to 
NK cells, it is tempting to hypothesize that this interac¬ 
tion may be responsible for the inverse correlation be¬ 
tween the levels of class I MHC antigens expressed on 
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target cells and their susceptibility to NK cells. The 
problem with this explanation however is the global na¬ 
ture of inhibitory signal received through Ly-49 mole¬ 
cules. Ly 49 mediated turning off of the NK cells appear 
to be an ‘all or none’ phenomenon, since a target with 
the D d molecule on its membrane is not lysed by Ly 49 + 
NK cells either directly or through antibody dependent 
cell mediated cytotoxicity (ADCC) and reverse/ 
redirected ADCC mechanisms 10,12 . Lysis of D d bearing 
targets is possible by unfractionated C57BI/6 NK cells. 
The latter represents a mixture of Ly 49 + and Ly 49” NK 
cells and as the Ly 49 + effectors would be turned off by 
the D d -bearing target cells, observed target lysis by the 
NK cell mixtures must be mediated by Ly 49" effectors. 
Depressed susceptibility of D d -bearing targets in which 
MHC class I antigen expression has been up-regulated 
by treatment with agents like interferon (IFN), can be 
demonstrated by using unfractionated C57BI/6 NK 
cells 12,13 . It is obvious that the down regulation must oper¬ 
ate on Ly 49” NK cells. Therefore, there must clearly be 
other mechanisms not involving Ly 49 like molecules, re¬ 
sponsible for the decline of NK susceptibility. 

* We have tried to understand the role of class I MHC 
molecules in determining the NK susceptibility of target 
cells by competition experiments in which NK effector 
cells are made to interact simultaneously with chromium 
labelled target cells and unlabelled competitor cells. In 
case competitor cells share target structures with the 
target cells, the former will competitively inhibit the 
lysis of the latter. NK cells would interact with target as 
well as competitor cells, and it can be reasonably 
assumed that any factor which selectively reduces the 


interaction between NK and competitor cells, will result 
in enhanced target lysis (Figure 1). This is similar to the 
case of enzymes, where reduction in the concentration of 
a competitive inhibitor results in an increased activity of 
the enzyme. The question we asked was whether modu¬ 
lation of class I MHC antigen levels on competitor cells 
results in changes in target lysis. We used a panel of five 
mouse and five human tumour cell lines and studied (a) 
their basal levels of class I MHC antigen expression and 
increase in response to IFN, (b) basal susceptibility to 
IL-2 activated NK cells and its modulation by IFN, and 
(c) their ability to compete in cold target inhibition 
assays and the effect of IFN on this competition abil¬ 
ity 13 " 15 . Summary of all these results is given in Table 1. 
Each value in this table is a mean of 6-10 individual 
experiments. Mouse recombinant IFN-y induced an in¬ 
crease in the expression of MHC I antigens on all 
murine tumour cell lines tested (top panel in Table 1). 
The increase ranged from a low of 36% for P815 cells to 
a high of 189.7% for YAC cells. In all cases except for 
EL4 target cells, there was a concomitant decline in the 
susceptibility of the target cells to IL2-activated NK 
cells. Effect of IFN treatment on the ability of the tu¬ 
mour cells to competitively inhibit the lysis of other tu¬ 
mour cells, or its own lysis, was also tested. All possible 
combinations of target and competitor cells were tested 
and the results have only been shown for the combina¬ 
tions where a significant competitive inhibition was ob¬ 
served. As shown in Table 1 (top panel), with the 
exception of EL4 tumour cells, interferon treatment re¬ 
duced significantly the ability of tumour cells to com¬ 
pete with targets. Almost similar results were obtained 




Figure 1. Left panel shows inhibition of NK cell mediated target lysis by a competing tumour cell. Presence of competitor 
cells with shared target structures, will engage NK cells and inhibit target lysis. In the right panel, MHC class I antigens on the 
competitor cell have been upregulated. Masking of target structures by MHC I antigens would lower the interaction between 
competitor and the NK cell, resulting in a better interaction with target cell. Inhibition of target lysis due to competition will 
be less and target lysis will improve as a result. 
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Table 1. Interferon induced changes in some tumour cell lines 


Interferon induced change 


Tumour - 

cell 

line 

Class I MHC level 
(% of control) 4 

IL2-NK susceptibility 
(% of control) b 

Ability to compete 
(% decline in competition ability) 0 

YAC (H-2 a ) 

289.7 

53.0 

25 (YAC) 

24 (P815) 

36 (SP20) 

P815 (H-2 d ) 

136.1 

52.7 

22 (YAC) 

22 (P815) 

27 (SP20) 

SP20 (H-2 d ) 

178.6 

56.0 

23 (YAC) 

23 (P815) 

32 (SP20) 

EL4 (H-2 b ) 

207.4 

85.7* 

9 (EL4)* 

4 (L929)* 

L929 (H-2 k ) 

177.7 

58.5 

25 (EL4) 

12 (L929)* 

K562 

** 

38.8 

25 (K562) 

28 (Molt 4) 

43 (Raji) 

32 (Daudi) 

42 (HR7) 

Molt-4 

177.7 

87.5* 

5 (Molt-4)* 

6 (Raji)* 

3 (Daudi)* 

3 (HR 7)* 

Raji 

106.6* 

80.6 

46 (Molt-4) 

25 (Raji) 

18 (Daudi) 

41 (HR 7) 

Daudi 

Nil* 

125.6 

4 (Daudi)* 

HR 7 

182.5 

66.6 

18 (HR 7) 


a Tumour cells were cultured at 0.2 x 10" ceils/ml witn ana wimum ^ u,uu - v--- ' 

human (for human tumour cell lines) IFN-y at 37°C for 48 h. At the end of the incubation, cells were washed anl MHC 
class I antigens were estimated by ELISA procedure described before 16 . Percent increase in the expression was calculated 
in each case and mean values from 6 tol3 individual experiments for each tumour cell line, have been shown 
"Tumour cells were treated with IFN-Y as described above, washed and used as targets in a 4 h chromium release assay of 
cytotoxicity at several E/T ratios. Lytic units/10 7 effector cells were calculated for control and IFN-Y treated target c , 
and percent change in target susceptibility determined as described elsewhere • . Effector IL-2 act™ ted 
generated from mouse spleen cells or human peripheral blood mononuclear cells, by the method described before 

Each value represents mean of 8-13 experiments. . . n . 

'Tumour cell lines given in the first column were used as unlabelled competitor cells for targets shown in parantheses in 
the last column. Competition assays were done and percent decline in ability of tumour cells to compete as a result of 
IFN-y treatment, were calculated as described before 14 ’ 15 . Each value represents a mean of 5-8 individual experiments. 
*No significant change. 

**MHC I antigens were induced on K562 cells which are otherwise MHC I negative. 


for human tumour cell lines (Table 1, lower panel). It 
should be noted that K562 cells had no basal expression 
of class I MHC antigens, but the same could be induced 
by treatment with recombinant human IFN-y. The value 
for per cent increase in MHC I expression for K562 
cells is not given since the increase was from a zero 
baseline. In case of Daudi cells, there is a genetic defect 
which prevents the production of MHC I molecules, 
consequently IFN induced no increase in MHC I ex¬ 
pression on Daudi cells. Except for MOLT4 and Daudi 
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cells, in all other cases, IFN-treated tumour cells be¬ 
came less effective competitors as a result of IFN treat¬ 
ment. In general it appears therefore (with exceptions as 
indicated above) that the IFN treatment induced higher 
levels of class I MHC antigens on tumour cells and was 
associated with reduced NK susceptibilities, and ability 
to compete in cold target inhibition assays. 

Poorer competition by IFN-treated tumour cells result¬ 
ing in a better target lysis, is indicative of a weaker 
competitor-effector interaction for IFN-treated competi- 
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tors. It is difficult to explain this finding by postulating 
a negative signal originating from elevated class I MHC 
antigen levels on IFN-treated competitor cells. Firstly, if 
down regulatory signals originating from IFN-treated 
competitor cells inhibit the effector NK cells non- 
specifically, one would expect a lower target lysis. Our 
results clearly show that target lysis improves if IFN- 
treated competitors are used, which argues against a 
non-specific turning off of the effector cells by exposure 
to cells bearing higher levels of MHC class I antigen. A 
second possibility is that the NK cells get specifically 
turned off against those tumour cells which send the 
inhibitory signal originating from elevated expression of 
MHC I antigens. In this case, IFN treatment of competi¬ 
tor cells should not influence target lysis unless one 
postulates a concomitant decline in the levels of target 
structures on IFN-treated competitor cells. 

Of a total of 28 target/competitor combinations we 
examined, significant decline in the competitor’s effi¬ 
cacy as a result of treatment with IFN, was observed in 
20 cases. In the remaining 8 cases, no effect of IFN 
treatment on competition ability was seen. In no case 
did the use of IFN-treated competitor result in poorer 
target lysis. If MHC I molecules on tumour cells inter¬ 
fere with the recognition of competing tumour cells by 
NK cells (Figure 1), our results may be readily ex¬ 
plained. Our results with competition experiments thus 
appear to support the target interference model rather 
than the negative signal model for explaining the role of 
MHC I antigens in regulating the NK effector-target 
interaction. As discussed above, negative signal hy¬ 
pothesis has found support with the demonstration of 
NK cell receptors for MHC I molecules on target cells. 
In our opinion, the two models discussed herein may not 
be mutually exclusive and which of the two mechanisms 
operates may depend upon the specific effector-target 
combination under study. A target cell which expresses 
MHC I antigens and is still susceptible to NK cells, is 
clearly not able to send a negative signal to NK cells. In 
such cases, if enhanced MHC I expression results in 


decline in NK susceptibility of the tumour cell, this 
decline may be due to interference by MHC I molecules, 
for which we have provided evidence here. On the other 
hand, if a specific receptor for target cell MHC I mole¬ 
cules is present on effector NK cells, and is able to send 
an inhibitory signal to the NK cells, the lack of lysis of 
such a target cell may be explained by the negative sig¬ 
nal hypothesis. 
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Characterization of a local isolate of Bombyx 
mori nuclear polyhedrosis virus 
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Polyhedral bodies of Bombyx mori nuclear polyhe¬ 
drosis virus, BmNPV (BGL) isolated from infected 
silkworms around Bangalore were propagated either 
in the cultured B. mori cell line, BmN or through in¬ 
fection of larvae. Electron microscopic (EM) obser¬ 
vations of the polyhedra revealed an average length 
of 2 |im and a height of 0.5 |im. The purified polyhe¬ 
dra derived virions (PDV) showed several bands in 
sucrose gradient centrifugation, indicating the mul¬ 
tiple nucleocapsid nature of BmNPV. Electron mi¬ 
croscopic studies of PDV revealed a cylindrical, rod¬ 
shaped nucleocapsid with an average length of 
300 nm and a diameter of 35 nm. The genomic DNA 
from the PDV was characterized by extensive re¬ 
striction analysis and the genome size was estimated 
to be 132 kb. The restriction pattern of BmNPV 
(BGL) resembled that of the prototype strain 
BmNPV-T3. Distinct differences due to polymorphic 
sites for restriction enzyme jHmdlll were apparent 
between BmNPV (BGL) and the virus isolated from a 
different part of Karnataka (Dharwad area), 
BmNPV (DHR). _ 


BACULOVIRUSES are a diverse group of insect-specific 
viruses, commonly used as biopesticides for selectively 
controlling insect pests of several agricultural crops. 
Over the past decade, the biotechnological applications 
of baculoviruses have been further enhanced by the de¬ 
velopment of the baculovirus-based expression vectors 
making use of insect cell lines in culture 1,2 . This system 
is widely used to synthesize milligram quantities of 
soluble, post-translationally modified eukaryotic pro¬ 
teins in their biologically active form. The prototype 
baculovirus for expression studies has been the Auto- 
grapha californica nuclear polyhedrosis virus (AcNPV) 
in conjunction with cell lines derived from its insect 
host, Spodoptera frugiperda. Some baculoviruses are 
also harmful to commercially important insects. For in¬ 
stance, the Bombyx mori nuclear polyhedrosis virus 
(BmNPV) causes grasserie (jaundice) in silkworms and 
is a major economic loss to the silk farmer. BmNPV is a 
member of the Eubaculovirinae subfamily of the Bacu- 
loviridae 3 . With the development of high level expres¬ 
sion system using AcNPV, a parallel expression system 
making use of BmNPV was also conceived. The 
BmNPV-based expression system offers the advantage 
of economical large scale production of proteins in 
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silkworm larvae 4-7 because they can be reared in large 
numbers on mulberry leaves or artificial diet, avoiding 
the high costs of cell culture technology. Being larger in 
size, B. mori larvae provide higher yields of proteins 
than Trichoplusia ni larvae used occasionally in 
AcNPV-based expression 8,9 . 

To improve our understanding on the baculovirus 
which infects the silkworm, a local isolate from Banga¬ 
lore, BmNPV (BGL) was purified and characterized at 
the structural and molecular levels. Although aetiologi- 
cal and histological studies have been conducted previ¬ 
ously, little information was available on the BmNPV 
genome at the molecular level when this study was ini¬ 
tiated. It was therefore considered desirable to have a 
physical map of the viral genome with respect to various 
restriction enzymes for comparison to other baculovi¬ 
ruses. Restriction site polymorphism between the 
genomic DNAs of BmNPV (BGL) and another isolate of 
the virus from Dharwad area of Karnataka, BmNPV 
(DHR) has been demonstrated. 

Materials and methods 

Propagation of BmNPV 

The locally isolated BmNPV from infected silkworm 
larvae collected from silk farms around Bangalore was 
propagated in larvae or in B. mori derived cell line 
BmN, in culture. For propagation through larvae, B. 
mori larvae (bivoltine race NB 4 D 2 ) in first or second day 
of 5th instar were fed with 10 \i\ of purified suspension 
of polyhedral bodies (10 10 polyhedra/ml in distilled 
water) and reared in quarantine until advanced stages of 
infection. For propagating the virus in cultured cell line, 
BmN (9 x 10 6 cells) grown in TC100 medium 5 in T75 
flasks were infected with 1 ml of polyhedra derived vi¬ 
rus particles at a multiplicity of infection of 10. After 
3-4 days when the cytopathic effects became evident, 
the extracellular virus was harvested. 

Purification of polyhedra from the haemolymph of 
infected larvae 

Five days post infection one of the prolegs of each 
BmNPV-infected larva was punctured and the oozing 
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Figure 1. Propagating BmNPV in BmN cell line. The B. mori derived cell line BmN was grown in TCI00 
medium supplemented with 10% FCS. The cells were infected with PDV particles, a, Uninfected cells; b , 
Cells infected with BmNPV, 72 h post infection. The infected cells clearly showed the manifestation of cyto- 
pathic effects, i.e. accumulation of polyhedral inclusion bodies in the nucleus of each cell. 


haemolymph was collected into a tube containing a few 
crystals of phenylthiourea or dithiothreitol (final con¬ 
centration, 3 mM) to prevent melanizatio'n of the 
haemolymph. The polyhedra were pelleted by low speed 
centrifugation (5000 g ) for 10 min in a swinging rotor, 
washed three times with 5 volumes of distilled water 
until the supernatant was devoid of any turbidity or 
floating lipids and resuspended in 0.5% sodium dodecyl 
sulphate (1 ml per insect equivalent) by brief homogeni¬ 
zation to disrupt the polyhedra aggregates. The suspen¬ 
sion was centrifuged and the pellet was resuspended in a 
small volume of distilled water (0.5 ml per insect 
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equivalent). A 10 pi drop of pure polyhedra suspension 
was placed on a slide, spread with a cover slip and the 
purity was examined under a compound microscope. 
Polyhedra were freeze-dried and stored at 4°C. 

Purification of polyhedra-derived virion 

The polyhedra-derived virion (PDV) particles were re¬ 
leased from polyhedra by solubilizing the occlusion 
bodies in an alkaline solution. Lyophilized polyhedra 
(10 mg) were dissolved in 1 ml of dissolution buffer 
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(0.1 M Na 2 C0 3 and 0.05 M NaCl) or about 10 10 polyhe- 
dra (several hundred |tl as a packed volume) were pel¬ 
leted and suspended in 4 ml of dissolution buffer. After 
1 h at 30°C, the clear opal-coloured solution was centri¬ 
fuged at 4000 g for 5 min to pellet the undissolved 
polyhedra and the supernatant was layered on a cushion 
of 25% sucrose solution containing 5 mM NaCl and 
10 mM EDTA. The PDV were pelleted by ultracentrifu¬ 
gation at 100,000 g for 1 h at 5°C and the pellet was 
resuspended in TE (10 mM Tris, pH 7.5 and 1 mM EDTA). 
The purified preparation was used for EM studies. 

Further purification of the PDV was achieved by 
banding on sucrose gradients. The PDV pellet obtained 
from a large scale purification from 10 10 polyhedra was 
layered on a linear gradient of 20 to 50% sucrose. After 
centrifugation at 100,000 g for 90 min at 5°C, several 
viral bands were seen spanning the length of the tube, 
which were individually harvested. The viral bands were 
diluted more than 20-fold with distilled water and 



Figure 2. Characterization of BmNPV polyhedra. a, A drop of puri¬ 
fied and concentrated polyhedra was spread on a slide under a cover 
slip and observed under a compound microscope at 800 x magnifi¬ 
cation. b. Scanning electron miscroscopic analysis of BmNPV poly¬ 
hedra. Pure preparations were scanned to examine the polyhedral 
shape and symmetry in detail. The average size of polyhedra was 
2 pm by 0.5 pm. 
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pelleted by centrifugation at 100,000 g for 1 h at 5°C. 
The PDV pellet was soaked overnight in 1 ml TE, re¬ 
suspended and stored at 4°C or processed for genomic 
DNA isolation. 

Electron microscopic studies 

For scanning electron microscopy the samples were 
fixed in 4% gluteraldehyde in phosphate buffer, pH 7.0 
for 4 h and washed extensively with phosphate buffer, 
pH 7.0. They were dehydrated and mounted on the grid 
using graphite resin or silver point. The specimen was 
coated with gold for 3 min. The ultrastructural studies 
were carried out using a scanning electron microscope 
(JOEL JSM-840 A) at an operating voltage of 20 kV. 
Samples of pure PDV were placed on copper grids 
coated with formvar film and negatively stained with 
uranyl acetate for 5 min. Specimens were examined in a 
JOEL 100 C x II transmission electron microscope at 
80 kV. 

Purification and analysis of genomic DNA 

The genomic DNA was isolated from purified PDV as 
described by Maeda 5 . BmNPV DNA (5 jig) was digested 
with 10 units of various restriction endonucleases in the 
appropriate buffer at 37°C for 6 h and analysed by elec¬ 
trophoresis on a 0.7% agarose gel. The DNA bands were 
visualized on a UV transilluminator after ethidium 
bromide staining. Using SEQAID II software the size of 
each fragment was determined by comparing the mobil¬ 
ity with that of the standard DNA size markers (X DNA 
digested with Hindlll). 

Results and discussion 

Polyhedral bodies of BmNPV 

BmNPV was routinely propagated in the silkworm ( B. 
mori) larvae or in the B. mori derived cell line, BmN in 
culture (Figure 1 a). The. infected larvae showed signs of 
acute infection (fluid accumulation, lethargy, etc.) 
within 4-5 days and yielded large quantities of polyhe¬ 
dra in their haemolymph which appeared white due to 
polyhedra accumulation. In cell lines, as the infection 
established itself the first signs of cytopathic effects 
were the clumping and detachment of cells which gave 
rise to ‘floaters’. Subsequently the cells lost their shape 
with the nucleus becoming very large and occupying 
most of the cellular volume. Giant cells with irregular 
peripheries were seen infested with polyhedra (Figure 
1 b). At late time points post infection, the nuclei of 
these cells also showed a dense accumulation of polyhe¬ 
dra (average of 70/nucleus). Polyhedra were isolated 
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from the haemolymph of the infected larvae and their 
purity was examined under the compound microscope. 
These large inclusion bodies had a uniform, highly re- 
fractile, polyhedral appearance (Figure 2 a). Scanning 
EM of the polyhedra showed perfect polyhedral symme¬ 
try in greater detail (Figure 2 b). The polyhedra had an 
average length of 2 pm and a height of 0.5 pm. 

Purification of polyhedra derived virion 

PDV were released by dissolving the polyhedra in an 
alkaline solution and purified by ultracentrifugation 
through a 25% (w/v) sucrose cushion. When a large 
scale preparation of PDV was layered on sucrose gradi¬ 
ent for purification, several bands were apparent, span¬ 
ning the length of the tube indicating the presence of 
virions with multiple nucleocapsids 10 . Although BmNPV 
.is considered, as the type species of single nucleocapsid 
polyhedrosis viruses (SNPVs) 11 ,. the observed banding 
pattern suggested that multiple nucleocapsid polyhedro¬ 
sis viruses (MNPVs) are also present in the BmNPV 
population. 

Electron microscopic analysis of PDV 

The purified BmNPV (PDV) pellet was used for trans¬ 
mission EM studies. A group of rod-shaped, cylindrical 
virions were seen scattered all over the remnants of the 
polyhedra matrix (Figure 3 a, b). On higher magnifica¬ 
tion the ultra structure became clearer. Some of the 
characteristic features were a cap or nipple- like struc¬ 
ture at the apex of each virion and a circle of claws in 
the base plate at the opposite end (Figure 3 b). These 
dissimilar ends gave a polarity to the virion rods which 
may be involved in orienting the nucleocapsid for infec¬ 
tion of the nucleus 12-15 . In some fields the nucleocapsid 
could be seen spreading out through one of the damaged 
ends of the virion (Figure 3 c). Based on several meas¬ 
urements the BmNPV-BGL virion showed an average 
length of 300 ±5 nm and a diameter of 35 ± 3 nm. 

Molecular characterization of BmNPV DNA 

For characterization at the molecular level, genomic 
DNA was isolated from purified BmNPV particles of the 
local isolate BmNPV (BGL) and subjected to restriction 
endonuclease digestion analysis. Typical digestion pat¬ 
terns for a few restriction enzymes are shown in Figure 
Aa-c. There were multiple restriction sites on the 
BmNPV genome for a variety of enzymes. The restric¬ 
tion patterns did not show the presence of any submolar 
bands which are sometimes found in the preparation of 
other NPVs 16 . Rare cutters like Notl and Sfil also re¬ 
leased a 6.7 kb and 16.4 kb fragment each respectively 
(Figure 4 b). The molecular sizes of the fragments were 
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Figure 3. Electron microscopic analysis of purified BmNPV. Puri¬ 
fied PDV were spread on a grid, negatively stained with uranyl ace¬ 
tate and examined in a JOEL 100C x II transmission EM. The rod¬ 
shaped nucleocapsids can be seen clearly trapped within the rem¬ 
nants of the polyhedral matrix (a). Higher magnification of a single 
virion revealed the ‘nipple-like’ triangular projection at one end and 
the claws in the base plafe at the opposite end ( b ). The nucleocapsid 
can be seen spreading out of one of the damaged ends .of the virion 
(c). 
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Figure 4. Restriction digestion of BmNPV (BGL) genomic DNA. 
Briefly, DNA was isolated from purified virions by three rounds of 
phenol extraction followed by one round with phenolxhloroform and 
precipitated with two volumes of ethanol. The DNA was washed with 
70% ethanol, dried and dissolved in 10 mM Tris, 1 mM EDTA 
buffer. Viral DNA (5 (ig) was digested with various restriction endo¬ 
nucleases as indicated and analysed by electrophoresis on 0.7% aga¬ 
rose gels. Size markers (SM) used were: X-JVmdlll, X DNA digested 
with Hindlll, or plasmid 360 figal digested with tfmdlll [lane 9 in 
(c)]; undigested BmNPV DNA is indicated as uncut. Double diges¬ 
tions with combinations of some restriction enzymes are shown in c. 
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Table 1. Sizes (kb) of BmNPV restriction fragments 


Fragment 

EcoRl 

tfmdIII 

Pstl 

A 

20.9 

25.7 s 

20.2 

B 

20.9 

16.1 s 

18.5 

C 

15.5 

12.4 s 

16.2 

D 

12.4 

10.2 

14..1 

E 

13.8 

9.6* 

12.9 

F 

11.2 

8.7 

• 8.6 

G 

9.6* 

8.3 

8.1 

H 

8.0 

7.8 

5.9 

I 

5.6* 

6.1 

5.7 

J 

5.3 

5.1 

5.7 

^ K 

1.6 

5.1 

3.8 

L 

1.5 

3.9 

2.9 

M 

1.3 

3.3 

2.5 

N 

1.2 

2.4 

2.1 

O 

1.15 

1.9 

2.0 

P 

1.04 

1.8 

1.6 

Q 

0.96 

1.2 

0.9 

R 

0.61 a 

1.1 

0.5 

S 

0.60 a 

0.7 


Total 

133.16 

131.4 

132.2 

Starting with the highest molecular 
labelled in an alphabetical order. 

weight, the 

fragments are 


^Polymorphic bands. 

Since their yield was very low, these low molecular weight bands 
were visualized on higher percentage gels by overloading. 

indicates the two missing bands corresponding to the BmNPV-T3 
‘K* (3.9 kb) and 4 L’ (2.4 kb) fragments 17 . 

Represents bands of smaller size as compared to T3 fragment di¬ 
gested with the same enzyme. 


Bgl II Hind III 

rr ~i i-1 

B D B D 



Figure 5. Restriction site polymorphism between two different local 
isolates of BmNPV - Bangalore (B) and Dharwad (D). Genomic 
DNA (5 |ig) from each isolate was digested with Bglll and Hind III 
and analysed by electrophoresis on a 0.7% agarose gel. 


estimated by comparison to the migration of DNA size 
markers using the SEQAID program. For accuracy in 
size determination, the electrophoresis of digested sam¬ 
ples were analysed on different percentage agarose gels 
of varying lengths to resolve the larger and smaller 
fragments better. Resolution between doublets was 


achieved by double digestions with combinations of re¬ 
striction enzymes. The genome size of BmNPV (BGL) 
was estimated to be about 132 kb by summing the sizes 
of individual fragments generated by three different re¬ 
striction endonucleases (Table 1). This estimated size is 
quite similar to that of the BmNPV-T3 isolate 17 and 
AcNPV 18 . 

Construction of a physical map of the BmNPV (BGL) 
genome using restriction endonucleases was attempted. 
However, when this study was underway, the restriction 
map of the BmNPV-T3 genomic DNA with respect to 
the enzymes EcoRl, BamEl, Pstl, Kpnl and Smal was 
published 17 . The overall restriction pattern of BmNPV 
(BGL) was similar to that of the BmNPV-T3 isolate, but 
the EcoRl and Hindlll digestions showed some poly¬ 
morphic sites (Table 1). For instance, the Hindlll diges¬ 
tion of BmNPV (BGL) DNA showed that the ‘G’ 
equivalent fragment of T3 was lacking. The ‘H’ frag¬ 
ment was smaller and the ‘L’ fragment was larger than 
the corresponding T3 fragments 17 (Table 1). However, 
since the size distribution of almost all the restriction 
fragments in single or double digestions was similar in 
both the local (BGL) isolate and the T3 strain, it was 
obvious that their physical maps would be identical with 
minor differences. 

The restriction digestion patterns of genomic DNA of 
BmNPV (BGL) were compared with another BmNPV 
(DHR) isolated from the infected silkworms of Dharwad 
area in Karnataka. Restriction site polymorphism was 
also observed between the genomic DNA of BmNPV 
(BGL) and the BmNPV (DHR) isolates, particularly 
with the Hindlll digestions (Figure 5) whereas the Bglll 
digestions showed identical patterns with both the iso¬ 
lates. The bands corresponding to the BmNPV (BGL) - 
Hindlll C’, ‘G’ and ‘H’ genomic fragments were miss¬ 
ing in the DHR-Hindlll lane. Single base pair substitu¬ 
tion or deletion in the recognition sequence of a restriction 
enzyme present on the viral genome could lead to a 
change in the restriction pattern of virus isolates. Minor 
variations were also apparent in Sail and EcoRl diges¬ 
tions (data not shown). Such variations due to restriction 
enzyme polymorphic sites are commonly encountered in 
large virus samples isolated from infected animals. 

Attempts were made to construct a library of BmNPV 
genomic fragments in the phagemid vector, pTZ18R, 
with the aim of identifying and cloning new viral genes 
with strong promoters for developing novel expression 
vectors. BmNPV (BGL) genomic DNA fragments gen¬ 
erated by BamEl, EcoRl and Hindlll digestions were 
shotgun cloned into pTZ18R linearized with the same 
enzymes. A partial library of viral genomic DNA with 
the insert size ranging from 500 to 7 kb has been gener¬ 
ated. The 20 clones harbouring 10 different viral 
genomic fragments (BamEl ‘D, E and F’; EcoRl, ‘I, M, 
O, Q and R ; Hindlll ‘L’ and Kpnl ‘D’) representing 
approximately 25% of the 130 kb BmNPV genome, 
have been characterized (data not shown). Some of these 
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cloned genomic DNA fragments are being exploited for 
use as diagnostic probes for detecting BmNPV infec¬ 
tions at early stages. 
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Methane emission in irrigated rice 
soils of Punjab 

A. K. Bhat and V. Beri 

Department of Soils, Punjab Agricultural University, 

Ludhiana 140 004, India 

Methane emission measurements were recorded from 
the organic and inorganic fertilizer treatments man¬ 
aged at the site under rice-wheat rotation in Punjab. 
Urea-N significantly increased methane emission and 
application of 8 t wheat straw ha -1 with 120 kg N 
maximized methane emission to 57.3 mg m" 2 h~\ 

Increased agricultural productivity over the past 50- 
100 years has also contributed significantly towards the 
increase in the concentration of greenhouse gases, viz. 
C0 2 , CH 4 and N 2 0. Of these, methane is the most im¬ 
portant because of its infra-red absorption capacity, 
which is thirty times greater than that of C0 2 though its 
atmospheric concentration is about 200 times lesser 1 . 
Methane is biologically produced under strict anaerobic 
process and its emission from wetland rice agriculture 
has been estimated up to 170Tgyr -1 , which accounts 
for approximately 26% of global anthropogenic budget 2 . 
Large variations and uncertainty in observed methane 
emission rates from the paddy field amongst different 
sites or treatments have been reported 3-5 . Keeping this 
in view, a field study was conducted to take a series of 
measurements of methane emission in the different 
treatments of crop residues and inorganic fertilizer man¬ 
agement in Punjab. In this paper we report the first re¬ 
sults of the measurements from Punjab. 

The experiment was conducted at Punjab Agricultural 
University Research Farm in Ludhiana, at the site where 
wheat and rice crops were grown in rotation and their 
residues managed. The soils were sandy loam with soil 
pH 7.9 (1:1 soil/water). The experiment had five treat¬ 
ments, viz. control, wheat straw applied @ 8 t ha" 1 be¬ 
fore rice transplanting + N (WS + N 120), application of 
wheat straw @ 4 t ha -1 before rice transplanting and rice 
straw @ 4 t ha -1 before wheat sowing + N (WS + RS 
+ N 120), rice straw applied @ 8 t ha -1 before wheat 
sowing + N (RS + N120) and urea-N applied @ 120 kg 
ha -1 (N 120). Rice nursery (variety PP 106) of twenty- 
five days old was transplanted in the above treatments 
on 11.06.1993. Nitrogen through urea was applied in 
two equal instalments, half at the time of transplanting, 
and the rest was broadcasted 4 weeks after transplanta¬ 
tion. Four close top glass chambers (18 cm wide and 
34 cm heigh), with permanently installed base unit, were 
placed in each treatment having four replications. Plots 
were of the size 8 x 3 m and were irrigated, having 7 cm 
standing water, four hours before sampling. At the in¬ 
ception of each sampling, zero time (9 a.m.) gas samples 


were collected within the base unit. Chamber tops were 
immediately sealed to the base unit and head space gas 
samples were removed after two hours (11 a.m.), after 
the air was mixed by a manual gas mixer. Pressure con¬ 
trol consisted of 1.5 m of plastic tubing (1mm ID) 
which was used to maintain an equilibrium gas pressure 
between inside and outside chambers. Samples were 
removed from each chamber through serum caps and 
collected gas samples were properly sealed and trans¬ 
ferred to the laboratory for immediate analysis. 

Chrom-Packard gas chromatograph (438 A model) 
equipped with flame ionization detector was used to 
detect methane. Gas chromatograph was run by keeping 
flow rate of N 2 , H 2 and air as 20 ml min -1 , 25 ml min -1 
and 235 ml min -1 respectively. The temperatures of the 
oven, detector and the injector were 80°C, 120°C and 
100°C respectively. A glass column of 2 m length, with 
internal diameter 1/4" and thickness of 2 mm containing 
parapak-T (80-100 Mesh) was used to detect methane in 
the sample. Standard gas methane (All Tech. Associates, 
USA) was used for comparison. Evolved methane was 
estimated by using the closed chamber equation 6 . 

F = (VIA) Ac/At, where F is the methane gas flux, V 
the volume of the head space chamber air, A the cham¬ 
ber soil surface area and Ac/At is the change in methane 
concentration per unit of time. The data were subjected 
to CRBD analysis. 

The methane emission rates from the rice fields in the 
‘kharif of 1993 were observed from July 6, 1993 to 
September 17, 1993. Gas samples were drawn on 26, 33, 
46, 53, 60, 69, 75, 93 and 99 days after transplantation. 
Comparison of results obtained for different treatments 
reveals that application of fertilizer N significantly in¬ 
creased methane emission from 15.7 to 22.5 mg m -2 h -1 . 
The treatment RS + N did not cause any additional 
methane emission compared to the application of N 
alone. However, application of 4 t ha -1 rice straw to 
wheat and 4 t ha -1 wheat straw (WS + RS + N) to rice 
increased the mean methane emission from 22.5 to 
34.0 mg m -2 h -1 . Maximum methane (57.3 mg m -2 h -1 ) 
was emitted from plots receiving 8 t ha -1 wheat 
straw with 120 kg N ha 1 . It has been observed that the 
addition of wheat straw raised the mean methane value 
of methane emission by 34.8 mg m -2 h -1 over 
22.5 mg m -2 hf 1 of fertilizer N treatments. 

Methane emission trend fluctuated (Figure 1) during a 
growing season, the first peak in methane emission ap¬ 
pearing on 33 day after transplanting (DAT) and 2nd 
peak on 75th DAT. On 33 DAT, methane emission was 
maximum as compared to other periods of sampling. 
There was a decrease on 93 DAT with a small increment 
on 99 DAT. Methane emission varied from 0.6 to 57.5, 
0.9 to 93.9, 9.6 to 76.0, 28.7 to 131.3 and 4.6 to 58.1 in 
treatments, viz. control, N 120, WS + RS + N and RS + N 
respectively. 
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Figure 1. Methane emission as affected by different residues man¬ 
agement practices. 

Methane emission during the rice growing season was 
highest twice during investigation, forming two peaks in 
most of the treatments (Figure 1). But the treatment with 
8 t wheat straw ha -1 showed three peaks. The first peak 
was observed in June, 2nd peak in middle of July and 
3rd in August by Yagi and Minami 7 , but in the present 
studies first peak was observed in the middle of July. 
The first methane peak may be due to the enhanced 
availability of root exudates and development of root 
gas transport system 8,9 , but the present investigations 
were carried out at the site under rice-wheat rotation 
where the rice and wheat residues have been managed 
and obviously making more availability of carbon sub¬ 
strate to anaerobes for maximizing methane production. 
Addition of straws to the flooded rice paddies has shown 
dramatic increase in methane emission with type, quan¬ 
tum and pattern of residues incorporated into the soil. 
This has also been observed by other investigators 8,10 . 
The second peak may be due to the decay of roots be¬ 
sides the remaining residue sources. 

Methane emission rates ranged between -0.20 and 
66 mg m -2 h" 1 in kharif season 3 , and the methane emis¬ 
sion was 80 mg m' 2 h" 1 in the green leaf manure treat¬ 
ment 11 . In the present studies, control plots emitted 
methane @ 15.7 mg m~ 2 hf 1 and in the treatments where 
different residues were incorporated at different 
rates and blends, it was in the range of 24.1 to 
57.3 mg mf 2 h _1 . 

As is evident, methane emissions in most of the treat¬ 
ments were maximum in the first half of the growing 
season in Punjab. Some workers have assumed that ac¬ 
tive methane emission occurred during a 15-day pe- 
riod 12 , while others have assumed 30 days for 
calculating total methane emission from the area. Our 
study suggests that such assumptions are not appropri¬ 
ate. Methane emission varies with sites and different 
treatments are needed to be taken care of while comput¬ 
ing total methane emission of the area. Further recycling 
of crop residues for substitution of nutritional require¬ 


ments, and also inorganic fertilizer are needed to be 
evaluated for the methane production, so that emission 
of methane to the atmosphere is regulated, if not com¬ 
pletely ceased. 
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Layering of the Earth’s crust and 
upper mantle - An evidence from 
gravity anomalies over India 


H. V. Ram Babu 

National Geophysical Research Institute, Hyderabad 500 007, India 

Studies on the propagation of seismic waves revealed 
that the Earth, in general, possesses a layered struc¬ 
ture; the boundaries between successive layers being 
characterized by abrupt changes in seismic wave ve¬ 
locities and hence the densities. Local variations in 
the depths of these discontinuities, among other 
things, produce gravity anomalies whose wavelengths 
are dependent on their depths from the surface of the 
earth. Spectral analysis is a powerful tool to find the 
ensemble average depths of horizontal (approxi¬ 
mately) boundaries between rock units of different 
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densities and has been used to analyse the gravity 
anomalies over India. The results show that the av¬ 
erage depths of density interfaces beneath the Indian 
subcontinent are 17, 32 and 115 km corresponding to 
the boundary between the upper and the lower crust, 
the Moho, and the top of the low velocity zone re¬ 
spectively. 

SEISMOLOGICAL evidences reveal that the Earth pos¬ 
sesses a layered structure, mainly divided as the crust, 
mantle and core, differing from one another either in 
composition or physical state or both. The continental 
crust, whose average thickness is about 35 km is highly 
inhomogeneous and can be divided broadly into two 
parts: the upper and the lower. The Upper crust contains 
igneous/sedimentary/metamorphic rocks on the surface 
overlying the rocks mainly composed of felsic minerals. 
The boundary between the upper and the lower crust, 
usually referred to as the Conrad discontinuity, is char¬ 
acterized by an increase in seismic wave velocity. There 
is an abrupt change of seismic wave velocity at the 
Moho, the boundary between the crust and the mantle. 
The velocity of compressional seismic waves increases 
from about 6.8 km/s in the crust to about 8.1 km/s in the 
upper mantle. This change in seismic velocity is largely 
caused by a change in the composition of the medium. 
The mantle, extending up to a depth of 2900 km is solid. 
But within this, there is a relatively thin zone ranging 
from about 100 km below the surface to about 250 km, 
where the velocities of both P and S waves decrease, 
signifying partial melting of rock material. This zone is 
called the low velocity zone. The /?-wave velocity 
changes significantly yet again at depths of 400 km and 
650 km below the surface. 

Laboratory studies of seismic wave velocities and 
densities of a variety of rock samples 1 revealed that the 
density of rocks normally increases along with the 
seismic wave velocity. Seismological studies over vari¬ 
ous parts of the earth also reveal that the depth of these 
discontinuities varies over a wide range from place to 
place on a global scale. These discontinuities which are 
also characterized by abrupt changes in density produce 
gravity anomalies of varying and usually large wave¬ 
lengths which can be seen on maps of continental sizes. 
Spectral analysis is one way of identifying these anoma¬ 
lies of various wavelengths and is useful to deduce the 
average ensemble depths of interfaces from gravity and 
magnetic anomalies 2 . Based on this philosophy, an at¬ 
tempt has been made here to identify the density dis¬ 
continuities in the crust and upper mantle beneath India 
from the spectral analysis of Bouguer gravity anomalies 
over India. 

The Bouguer anomaly map of India 3 (Figure 1), which 
is based on over 31,000 gravity observations, has been 
interpreted in detail by various workers 4 ” 6 to understand 
the relation of gravity with surface/subsurface geology 
and structure. In general, the Bouguer anomalies 
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Figure 1 . Bouguer anomaly map of India (after NGRI, 1975). 


over India vary over wide limits; from about 75 mGal 
near Bombay to a value less than -375 mGal in the 
greater Himalayas. In general, gravity anomalies corre¬ 
late well with the major geological and structural prov¬ 
inces of the Indian land mass. 

For the present study, the gravity anomalies have been 
digitized on a regular square grid of size 20 km and its 
2-D FFT has been computed from a computer interpo¬ 
lated fine grid of size 2.5 km by using the MAGMAP 7 
software. The maximum length of the data in north- 
south and east-west directions is about 2500 km. The 
radial spectrum (Figure 2) in which the log-amplitude of 
anomalies for various wavelengths are presented shows 
that the amplitudes in certain range of frequencies fol¬ 
low straight line segments. This indicates a change in 
the density of the subsurface; the depth of the boundary 
at which this change takes place is obtained from the 
slope of the straight line segment 2 . The radial spectrum 
presented in Figure 2 can be split into four line seg¬ 
ments, giving four levels of density interfaces located at 
average depths of 17 km, 32 km, 58 km and 115 km. 

To test the reliability of the spectral depth estimates, 
the radial spectrum was computed again by corrupting 
the data set with a noise level of ±5% which is approxi¬ 
mately equal to the accuracy of the data set. The inclu¬ 
sion of noise did not change the overall characteristics 
of the spectrum but resulted in small changes in average 
depths which do not deviate more than ±4%. The line 
segments are defined by a large number of data points in 
the spectrum and the accuracy of estimated depth is 
within ±4%. The gravity anomalies due to sedimentary 
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Figure 2. Radial spectrum of Figure 1. Inset shows a direct comparison of layers determined from seismol- 
ogical data with those obtained from the analysis of gravity data. 


basins, rift valleys, granite massifs, etc. are of limited 
size when compared to the overall size of the study area. 
Moreover, these outcropping (zero depth) features ap¬ 
pear to be represented as white noise in the spectrum. 
The average depth of interfaces obtained from this 
analysis can be attributed to the globally recognized 
seismic discontinuities (inset of Figure 2) situated at 
depths of 17 km (between the upper and the lower 
crust); 32 km and 58 km (Moho); and 115 km (top of 
low velocity layer). The interface located at an average 
depth of 58 km given by the second line segment does 
not correspond to any discontinuity that is recognized 
globally. However, a considerable part of the Himalayan 
foothills is covered by the gravity data where the crustal 
thickness exceeds 50 km. Therefore, this interface at 
58 km depth might correspond to the average depth of 
the Moho in the sub-Himalayan region covering this 
data set. . 

The spectral analysis of gravity data revealed the 
presence of four density interfaces in the crust and upper 
mantle zone beneath India. As there is close correspon¬ 
dence between gravity interfaces and seismic disconti¬ 
nuities, the present analysis also serves as direct 
evidence for the variation of density at these boundaries 
in addition to a change in the seismic wave velocity. 
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Quaternary palaeolakes in Kumaun 
Lesser Himalaya: Finds of neotectonic 
and palaeoclimatic significance 

K. S. Valdiya*, B. S. Kotlia, P. D. Pant, 

Manik Shah, Nidhi Mungali, Sunita Tewari, 
Nalin Sah and Moulishree Upreti 

Department of Geology, Kumaun University, Nainital 263 002, India 
*Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur 
Campus, Bangalore 560 064, India 

Movements in the geologically recent time on the 
North Almora Thrust; South Almora Thrust; on re¬ 
lated subsidiary thrusts and faults caused blockade 
of the river Kosi west of Almora and of the Thuli 
Gad east of Pithoragarh in the Kumaun Lesser Hi¬ 
malaya. The fault movements resulted in the forma¬ 
tion of lakes that have since vanished due to revival 
of neotectonic movements. Stretching more than 
7 km in length, these palaeolakes are presumably the 
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biggest so far known in Kumaun. The lacustrine de¬ 
posits comprising carbonaceous clays in Pithoragarh, 
and silty ferruginous clay capping the fluvio- 
lacustrine deposits in the Kosi valley promise to hold 
important palaeoclimatic clues. Preliminary radio¬ 
carbon dating of carbonaceous clay, rich in charcoal 
fragments, indicates that the Wadda lake at Pithora- 
garh was formed about 44,000 years BP and, proba¬ 
bly, lasted until about 2000 years BP. 

ACROSS the length of Kumaun in the central sector of 
the Himalayan arc, the Almora Thrust has brought a 
thick synclinal pile or nappe of the Precamb'rian meta- 
morphic rocks, intimately associated with gneissose 
granites, over and against the Middle-to-Upper Protero¬ 
zoic sedimentary rocks 1-4 (Figures 1 and 2). The two 
flanks of this folded thrust, known as the North Almora 
Thrust (NAT) and the South Almora Thrust (SAT), are 
characterized by multiplicity of thrusts and strike faults, 
which have given rise to schuppen structures. Recent 
studies have demonstrated that both the flanks (NAT 
and SAT) of the tightly compressed Almora syncli- 
norium have registered appreciable movements in the 
Quaternary period 5,7 . 


The present study shows not only that the NAT and 
SAT are active, but also that the sympathetically formed 
subsidiary faults and thrusts and faults paralleling them 
have caused upliftment of the downstream blocks. This 
is evident from the geomorphic development, briefly 
described in the following sections. Not only the con¬ 
cerned streams, but also those which flow parallel or 
oblique to these, reveal eloquent evidence for the uplift 
of the terrains. These movements resulted in the block¬ 
ade of streams; such as the Kosi river in central Kumaun 
(District Almora) and the Thuli Gad in eastern Kumaun 
(District Pithoragarh), giving rise to large lakes. There 
are no large fans, cones or accumulations of debris any¬ 
where in the valleys downstream of the palaeolakes that 
could have dammed the streams. The pronounced uplift 
unaccompanied by perceptible strike-slip movement on 
causative active faults precludes the possibility of de¬ 
velopment of pull-apart basins. Later revival of move¬ 
ments, possibly in the opposite sense, culminated in the 
disappearance of these lakes. The multiple levels of ter¬ 
races upstream of the active faults, together with the 
mild deformation of terrace deposits in the proximity of 
faults, point to the tectonic movements causing disap¬ 
pearance of the lakes. 



Figure 1. Sketch tectonic map of a part of Kumaun Himalaya showing Almora Nappe defined by the Almora 
Thrusts and positions of active faults and thrusts. 
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Figure 2. Diagramatic cross sections of the Almora Nappe along the Kosi valley in the a , west; and b , east of Pithoragarh. 


In the Almora-Kausani region in the central 
Kumaun 1,3 ’ 8 , the Kosi river flows through a geomor- 
phologically mature old terrain that is being rejuvenated 
as a result of recurrent episodic uplift. This is borne out 
by various geomorphic features such as multiplicity of 
fluvial terraces (four depositional terraces are observed 
along the Kosi river), deep (15-30 m) incision by 
streams, entrenched meanders, series of 0.5-2.6 m high 
waterfalls in all subsequent streams and by the wide 
valley of the Kosi with very gentle slopes (6-10°) 
becoming a deep gorge having convex walls imme¬ 
diately on its crossing the active thrusts of the SAT 
zone. 

Approximately 1-1.5 km wide and 7 km long, extend¬ 
ing between the active Sitlakhet Thrust in the south and 
Kasun Thrust (Figures 1 and 2) in the north 9 ’ 10 , the 
Hawalbagh palaeolake is presumably the biggest lake so 
far known in the Kumaun Himalaya. Since there is no 
deposition observed south (downstream) of the Sitlakhet 
Thrust, it appears that it delimits the southern limit of 
the lake. It is represented by about 7 m thick succession 
of fluvial (in lower part) and fluvio-lacustrine deposits 
(in upper part), typically developed at Gagil in the north 
(Figure 3). A persistent 2-2.5 m thick horizon of ferrug¬ 
inous clay, occasionally containing charcoal pieces, 
forms the top of the sequence. The silty clay with ill- 
sorted pebbles grade downwards into brownish clay with 
negligible amount of silt and which in turn becomes the 
mixed suite of clasts having sandy matrix - the latter 
representing the fluvial regime of the ancient Kosi. 

The lake originated as a result of ponding of the Kosi 
following uplift of the downstream (footwall) block of 
the Almora-Siahidevi Range on the Sitlakhet and Kali- 
rau thrusts (Figures 1 and 2). The strandline of this lake 
is defined by the surface of the oldest terrace (Ti), dis¬ 
cernible all along the western side. The Ti terrace has 
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been eroded away from a large part of the eastern side 
of the lake. The lateral interfingering of pebbly clays 
with unsorted gravels in the Gagil area resulting from 
landslides - which occurs as fan in a row all along the 
stretch of the thrust - indicate that the Kasun Thrust was 
also active during the development of the lake. 

Movements on the E-W striking Kotli Fault that runs 
parallel to the North Almora Thrust in eastern Kumaun 
lifted up the lofty (> 2600 m) Thalkedar Range and 
dammed the rivulet Thuli Gad and its tributary Hurkana 
Gad (Figure 4). The wide mature valley - with slope 
less than 6° - of the Thuli Gad abruptly becomes a very 
deep gorge or canyon having nearly vertical walls and 
with entrenched swings after crossing the active Kotli 
Fault, corroborates recent movements in the Pithora- 
garh-Wadda area. The resultant lake stretched about 
8 km west-north-west towards Pithoragarh town. A se¬ 
quence of about 13 m of clays and debris flow is ex¬ 
posed near Wadda (Figure 4). The carbonaceous clays 
are very finely laminated and contain fragments of char¬ 
coal. Mixed with dark brownish clay, the weathered 
basement rocks (Sor Slate) also form ‘pudding stone’. 
At least three events of debris flow (angular to sub- 
angular clasts and fragments of dolomite and slate 
mixed with brownish black clay) represent debris ava¬ 
lanches triggered presumably by the tectonic move¬ 
ments. The tilting (2-3°) of lacustrine strata 
(continuously for about 2 km) along the Hurkana Gad, 
exhibiting entrenched meandering in its terminal part 
indicates revival of the movements on the active Kotli 
Fault. This may have caused the effacement of the lake. 
Possibly, the huge amount of debris flow capping the 
Quaternary sequence in the area was responsible for the 
draining of the lake. 

Two clay samples containing charcoal pieces dated 
(see Figure 4) by G. Rajagopalan at the Birbal Sahni 
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Figure 3. Fluvio-lacustrine terraces (T 1 -T 4 ) representing the Hawalbagh palaeolake in the Kosi valley (inset shows the lithocolumn). 
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Figure 4. Diagramatic cross section showing extent of the Wadda 
palaeolake at Pithoragarh (inset shows the lithocolumn).' 


Institute of Palaeobotany, Lucknow indicate that the 
Wadda lake was formed about 44,000 years BP and 
lasted until about 2,000 years BP. 
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Characterization of immunogenic 
components of Hyalomma anatolicum 
anatolicum - the vector tick of bovine 
tropical theileriosis 

Anu Parmar and A. S. Grewal 

Department of Veterinary Immunology, Punjab Agricultural 
University, Ludhiana 141 004, India 

Native polyacrylamide gel electrophoresis (PAGE) 
and immunoblotting assays were used to characterize 
the immunogenic proteins of salivary gland extract 
(SGE) and saliva of Hyalomma anatolicum anatoli¬ 
cum tick. Native PAGE of the SGE revealed 10 pro¬ 
teins of molecular weights 56, 60, 64, 66, 120, 148, 
220, 264, 300 and >300 kDa. In the immunoblot assay 
of the tick SGE, mice hyperimmune serum reacted 
with only one protein of 66 kDa. In contrast to the 
SGE, the tick saliva revealed only 2 proteins of 264 
and 66 kDa. The 66 kDa protein was also observed in 
the tick larvae extract. These results suggest that the 
66 kDa tick antigen may be one of the likely proteins 
of relevance to anti-tick immunity and subunit vac¬ 
cine development for H. anatolicum anatolicum . 

H. ANATOLICUM ANATOLICUM is the most common tick 
vector of Theileria annulata, a lymphocytotropic and 
erythrocytotropic protozoan, causing high mortality in 
European dairy cattle ( Bos taurus) and their cross-bred 
progeny ( B. taurus x B. indicus ) in India and other 
tropical countries. Thus, bovine tropical theileriosis has 
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become a major constraint in cross-breeding pro¬ 
grammes aimed at upgrading the local dairy cattle for 
high milk production. The use of chemical acaricides for 
the control of ticks has the obvious disadvantages of 
development of resistant tick strains, environmental 
pollution, public health hazards and high costs. A novel 
approach for control of ticks (ectoparasite arthropods) 
by immunization with tick antigens is becoming an in¬ 
teresting area of research 1-3 . In H. anatolicum anatoli¬ 
cum tick immunity studies in this laboratory, acquired 
immunity has been demonstrated in cross-bred calves 
following a single infestation with adult H. anatolicum 
anatolicum resulting in 60-65% rejection of the tick 
larvae. In addition, a significant proportion of the at¬ 
tached larvae and nymphs failed to feed normally on 
blood 4 . Subsequently, it was demonstrated that artificial 
immunization with adult tick salivary gland extract ho¬ 
mogenates emulsified with Freund’s Incomplete Adju¬ 
vant (FIA) produced protection manifested by rejection 
of tick larvae challenge infestations. The SGE induced 
anti-tick immunity was enhanced using Ascaris helminth 
extract in the adjuvant emulsion 5 , a known immuno- 
modulator of IgE immune responses 6 . 

The present study was undertaken to analyse the sali¬ 
vary gland immunogenic sub-components in the tick 
salivary gland by polyacrylamide gel electrophoresis 
(PAGE) and immunoblotting, using hyperimmune serum 
from inbred Balb/c mice in our pursuit for the develop¬ 
ment of murine monoclonal antibody probes to tick sali¬ 
vary antigens. An attempt in this direction would help in 
the development of an effective subunit anti-tick vac¬ 
cine. Gill et al 1 characterized the salivary gland anti¬ 
gens of H. anatolicum anatolicum by SDS-PAGE and 
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immunoblotting, using hypersensitized rabbit sera. In 
contrast to this report of the UK group, our study using 
hyperimmune Baib/c mice sera revealed one protein of 
66 kDa on native PAGE gel (non-denatured), while none 
of the protein bands from SDS-PAGE gels reacted im- 
munologically. 

H. anatolicum anatolicum tick colonies (eggs, larvae, 
nymphs and adult stages) were maintained at the Tick 
Borne Disease Research Centre, Punjab Agricultural 
University, India, as previously described by Bhattach- 
aryulu et a/. 8 . Briefly, this involved feeding of different 
life cycle stages on cross-bred calves or rabbits and their 
subsequent maintenance in laboratory at 85% relative 
humidity and a temperature of 28 ± 2°C, until they 
moult into the next instar. 

Salivary glands were removed from partially fed adult 
females of H . anatolicum anatolicum , as per the method 
described by Walker et al. 9 . These were triturated in a 
little volume of saline in a glass homogenizer and sub¬ 
sequently sonicated (Soniprep-150 MSE, England), held 
under ice bath at 2 p amplitude in 5-6 bursts of 30-60 
seconds each. The sonicated material was centrifuged 
(Sorvall 6000B) at 2000 rpm for 5 min and the super¬ 
natant salivary gland extract was collected and stored at 
-70°C till further use. 

Adult female ticks, which had fed for 96 h, were held 
onto a glass surface using a double-sided adhesive tape 
with their dorsal surface facing upwards. Each tick was 
injected with 10-30 pi of 1:10 dilution of dopamine 
(3-hydroxytyramine-HCl - 1.5 mg/ml) in saline, and 
saliva was collected into haematocrit capillary tubes as 
described by Kaufman 10 . On an average, 10-20 pi of 
saliva was collected from one tick and pooled saliva 
stored at -70°C. 

Two-week-old larvae, free of egg shells and moult 
castings, were chilled to immobilize them and triturated 
in a little volume of normal saline, sonicated and centri¬ 
fuged, as described above. The supernatant was stored 
at -70°C and used as antigen till use. Protein content 
estimation of all the antigen preparations was done by 
the method of Lowry et al. 11 . 

Eight male inbred Balb/c mice (Indian Institute of 
Nutrition, Hyderabad) were used for immunization. 
Each was injected with 150 pi of the SGE (3.0 pg/pl) 
emulsified with FIA and vitamin E (6:4) by i.p. route. 
Tengerdy and Lacetera 12 have reported that vitamin E 
adjuvant formulations are potent immunoenhancers in 
mice. Booster injections were administered at 15, 21 
and 30 days post-immunization with the SGE antigen in 
saline (at reducing antigen concentrations from half to 
one fourth and one sixth, respectively of the primary 
antigen inoculum). Mice were bled from tail for serum 
collection prior to each booster injection. Blood col¬ 
lected from all mice were pooled for each batch of se¬ 
rum collection and sera were stored at -70°C.' 


Native PAGE discontinuous gels based on the method 
of Laemmli 13 consisting of resolving (12%) and staching 
gel (4%) were used. Mini-protean-II dual slab cell (Bio- 
Rad Labs, Richmond, CA) was used for electrophoresis. 
Buffer used was 25 mM tris, 192 mM glycine, pH 8.3. 
The SGE, saliva and LE antigen samples were diluted in 
sample buffer (12.5% tris-HCl, pH 6.8 and 10% glyc¬ 
erol). Samples were loaded and 0.05% bromophenol 
blue was added as a tracking dye. Molecular weights 
were estimated using bovine albumin, monomer- 
tetramer, standard marker kit (66, 132, 198 and 
264 kDa, Sigma Chemical Co, USA). The samples were 
run at 100 V for 2 h. Gels were stained for 30 min in 
0.1% Coomassie blue R-250 in fixative (40% methanol, 
10% acetic acid) and destained for 1-3 h in 40% metha¬ 
nol and 10% acetic acid. 

Discontinuous gels consisting of resolving (12%) and 
staching gels (4%) were used. 10% SDS was added to 
the gels, electrode and sample buffer (sample buffer had 
in addition 5% (3-mercaptoethanol). Molecular weights 
were estimated using a mixture of standard markers - 
carbonic anhydrase (29 kDa), egg albumin (45 kDa), 
and bovine serum albumin (66 kDa) (Sigma Chemical 
Co, USA). 

The native PAGE gels were run by loading the gels 
without comb with the SGE antigen sample diluted in 
the sample buffer. Transfer buffer was 0.7% acetic acid. 
Transfer of proteins from the gels onto the nitrocellulose 
membrane sheets (NCM) was carried out using Mini- 
Transblot Cell (Bio-Rad) according to the procedure of 
Towbin et al. 14 . Transfer was carried out at 100 V for 
5 h or at 30 V overnight. One strip of the transblotted 
NCM was stained with 0.1% amido-black to monitor the 
transfer of bands. The remaining NCM was blocked in 
3% lactogen in 0.15 M phosphate buffer with 0.02% 
merthiolate, pH 7.2 (PBM), overnight at 4°C. For SDS- 
gels, transfer buffer used was tris glycine methanol. 
Transfer was carried out at 100 V for 90 min. 

Subsequently the NCM was cut into thin strips which 
were processed for the immunoblot assay. One strip was 
treated with mice anti H. anatolicum anatolicum SGE 
serum for 1 h at 37°C, followed by three washings with 
PBM. The strip was further incubated with biotin conju¬ 
gated goat-anti-mouse polyvalent immunoglobulins 
(IgG, IgA, IgM, Sigma Chemical Co., USA) at a prede¬ 
termined optimal dilution of 1:800 in 3% lactogen-PBM 
for 1 h at 37°C. Following washings with PBM, the strip 
was reacted with avidin-HRP (Sigma Chemical Co.) at a 
predetermined dilution of 1:200 in 6% lactogen-PBM 
for 1 h at 37°C. After three washings with PBM, the 
strip was treated with freshly prepared substrate solution 
(5 mg of 3-3' diaminobenzidine dissolved in 10 ml of 
PBM + 20 \xl of 30% H 2 0 2 ) for 2-3 min and the reaction 
stopped by rinsing the strip in PBM. In the immunoblot 
assay, control NCM strips from the same transblot were 
simultaneously treated with negative mice serum and 
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Figure 1. Native PAGE analysis of H. anatolicum anatolicum sali¬ 
vary gland extract (lane A), saliva (lane B) and larvae extract (lane 

C). 



Figure 2. Immunoblot of the H. anatolicum anatolicum salivary 
gland extract native PAGE transblotted nitrocellulose membrane 
strip with mice anti -H. anatolicum anatolicum salivary gland extract 
hyperimmune serum. 


PBM in place of anti-SGE hyperimmune mice serum 
and processed similarly. 

Native PAGE of the SGE revealed 10 proteins of 
molecular weights 56, 60, 64, 66, 120, 148, 220, 264, 
300 and > 300 kDa (Figure 1, lane A). In contrast, the 
saliva secretion showed only 2 proteins of 264 and 
66 kDa (Figure 1, lane B). The LE revealed several 
proteins including the 264 and 66 kDa bands present in 
the SGE and saliva (Figure 1, lane C). 

In the immunoblot assay, native PAGE of the SGE 
revealed one immunodominant protein of 66 kDa 
(Figure 2). 

SDS-PAGE of the salivary gland extract (SGE) of H. 
anatolicum anatolicum revealed 12 major and 6 minor 
bands. Molecular weights of the major bands were 35, 
38, 42, 44, 49, 51, 57, 63, 68, 72, 85 kDa. However, in 
the immunoblot assay, none of these SDS-PAGE 
polypeptides reacted with the anti-SGE hyperimmune 
serum (figure, not shown). 

In this study on native PAGE gels, it was ascertained 
that the 264 and 66 kDa proteins were common to the 
SGE, saliva and larval extracts of H. anatolicum ana¬ 
tolicum . Native PAGE of the SGE revealed one protein 
of 66 kDa in the immunoblot assay. 

Previous studies conducted in this laboratory have 
shown that cross-bred calves mount effective immunity 
to H. anatolicum anatolicum following cutaneous feed¬ 
ing of ticks 4 as well as artificial immunization with adult 
tick SGE homogenates emulsified with FI A 5 . During the 
natural process of tick feeding, saliva secretions are in¬ 
jected into the host animal at the site of tick attachment 
and effective anti-tick immunity induced. The para¬ 
mount effect of anti-tick immunity is manifested against 
the tick larvae 4,5 . The 66 kDa antigen was also shown in 
the saliva, SGE and larvae extract (LE) of H. anatoli¬ 
cum anatolicum and its immunodominance in the im¬ 
munoblot assay of the tick SGE suggests that it may be 
one of the likely proteins of relevance to anti-tick im¬ 
munity in H. anatolicum anatolicum . For analytical 
studies requiring minute amounts of the antigen, purifi¬ 
cation of the relevant antigen from saliva would be 
simpler because it contains only 2 proteins. However, 
for bulk production of the antigen, the larval extract 
would be a better choice due to easier production of 
larvae colony in millions, while collection of large vol¬ 
umes of saliva and salivary gland dissection is cumber¬ 
some. 

In the immunoblot assay of SDS-PAGE of the tick 
SGE, no specific reaction was revealed. In contrast to 
the present report, the previous report of UK group 
demonstrated that sera from hypersensitized rabbits re¬ 
acted with 9 polypeptides in the saliva and 17 in the 
SGE from 96 h fed females of H. anatolicum anatoli¬ 
cum ticks using SDS-PAGE and immunoblotting. In our 
study the lack of reaction of hyperimmune mice serum 
in the SDS-PAGE immunoblot suggests that the system 
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picked up only the conformational but not the linear 
epitopes. No definite explanation for different results of 
our laboratory from that of Gill et al. 7 can be rendered 
with ease, they but may be attributed to different im¬ 
munization protocols and animal species used. 

The present study conducted in the inbred Balb/c mice 
will serve as a prerequisite for the development of 
murine monoclonal antibody probes to the tick SGE and 
saliva antigens for future work on characterization and 
purification of tick immunogens for the development of 
subunit anti-tick vaccine and specific diagnostic kits to 
monitor anti-tick immune responses. 
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Brugia malayi in Indian leaf monkey 
(Presbytis entellus ) - Response to 
repeated exposures of infective larvae 
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173, Lucknow 226 001, India 

Longitudinal studies on the development of disease 
manifestations and alterations in eosinophil counts in 
Indian leaf monkey (Presbytis entellus) infected with 
Brugia malayi infection were carried out. Monkeys 
received multiple exposures of infective larvae dur- 
ing prepatency as well as during late patency. All the 
monkeys showed positivity for microfilaraemia (mf) 
after 75 days of infection. The period of patency was 
observed to be around 400 days. Following re¬ 
exposure with infective larvae there was develop¬ 
ment of stage-specific resistance against mf and the 
monkeys acquired resistance against adult parasites. 
Increased eosinophil counts coincided with decrease 
in mf counts and re-exposures with fresh harvest of 
L 3 . The appearance of limboedema may or may not 
be associated with raised body temperature, how¬ 
ever, low level of microfilaraemia coincided with the 
development of oedematous swelling. 

OUR knowledge of genesis of lymphatic filarial diseases 
is scanty. In India, 45 million people are infected with 
this disease , of which 25 million harbour microfilarae 
in their blood and 19 million suffer from filarial disease 
manifestations such as swelling of limbs, hydrocoele, 
elephantiasis, etc 2 . In spite of certain startling revela¬ 
tions available today on differences in physiological and 
immunological parameters between carriers and symp¬ 
tomatic groups of subjects, the development of elephan¬ 
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tiasis and the risk factors involved for the development 
of filarial disease is yet to be understood. The principal 
bottleneck in this area is the non-availability of a simu¬ 
lating model where longitudinal study could be carried 
out. Several rodents 3 ’ 4 , canine 5 ’ 6 and feline 4 ’ 7 hosts in¬ 
fected with Brugia species have been used for studying 
the lymphatic filarial disease in recent years. However, 
the major drawback of these models is that the infection 
does not mimic the human disease in the anatomic local¬ 
ization of adult worms, in the symptomatology or in the 
immune effector mechanisms that may be involved. 
Moreover, the information generated so far with differ¬ 
ent experimental models is perhaps not completely 
translatable to human lymphatic filarial diseases. Never¬ 
theless, the experimental studies conducted by Mak et 
al. using non-human primate with B. malayi would 
probably explain the cause of filarial diseases. However, 
the setback in Mak’s model is that the Presbytis species 
(with B. malayi infection) used does not produce any 
gross filarial manifestations (acute or chronic). The re¬ 
cent observations made in our laboratory show that 
Indian leaf monkey (P. entellus) when exposed to single 
or multiple doses of infective larvae (L 3 ) of B. malayi 
causes some of them to develop acute filarial manifesta¬ 
tions . Therefore, it is worthwhile to carry out longitu¬ 
dinal studies of alternations in various physiological 
parameters of host (P. entellus) harbouring B . malayi 
infection. We report here the results of experimental 
studies on development of disease manifestations, in¬ 
cluding alterations in absolute eosinophil counts in 
Indian leaf monkey, following single or multiple expo¬ 
sure with L 3 of B. malayi. 

Six male monkeys (3-4 kg) were used for the study. 
Five of them were exposed to L 3 of B. malayi obtained 
from freshly dissected infected vectors ( Aedes aegyptif. 
One unexposed monkey served as an uninfected control. 
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Infective exposures were given subcutaneously. Out of 
the five infected animals, one received two exposures 
each of 500 L 3 administered on day 1 and 330 at right 
ankle, two animals received first exposure of 500 L 3 on 
day 1 in left ankle. The subsequent four exposures con¬ 
sisting of 100 L 3 each were given between day 240 and 
315 of the first exposure in both right and left ankle re¬ 
gions alternatively at fortnightly intervals. The remain¬ 
ing two animals initially received four exposures each of 
125 L 3 at fortnightly intervals. Later one animal re¬ 
ceived 500 L 3 on day 330 and the other animal received 
2 inocula each of 100 L 3 on days 330 and 390 respec¬ 
tively in right and left ankles. 

Night blood samples of all infected and control lan¬ 
gurs were examined for the presence of mf using mem¬ 
brane filtration technique 10 . Briefly one ml of venous 
blood was drawn between 21.00 and 22.00 h initially on 
days 60, 75 and 90 post exposure (p.e.) and thereafter at 
monthly intervals till the termination of the experiment. 

Any disease manifestations, especially swelling of in¬ 
flammatory response in limbs, were observed and 
monitored carefully. For quantitative assessment of 
swelling of the limbs, peripheral (circumference) meas¬ 
urements of both affected and corresponding unaffected 
ones were taken at different predetermined areas be¬ 
tween the knee and the ankle. The swelling ratio was 
determined by the formula: 

measurement of affected limb in cm 
measurement of unaffected limb in cm 

Rectal temperature of each animal was also recorded 
at regular intervals. 

Blood sample (1 ml) from each infected as well as 
uninfected leaf monkey was collected, in a test tube 
containing ethylenediaminetetraacetic acid (EDTA), 
from femoral vein before L 3 exposure (i.e. on day 0) and 
thereafter at monthly intervals following exposure (on 
day 1) till the termination of the experiment for estima¬ 
tion of total leucocyte (TLC) and differential leucocyte 
counts (DLC). The TLC estimations were made by the 
standard method using Neubauer counting chamber 11 
whereas DLC was estimated in the blood film stained 
with 5% Giemsa. Absolute eosinophil count (AEC) of an 
individual monkey was estimated with the help of TLC 
and per cent eosinophilia obtained from DLCs. 

Out of the 5 exposed animals, only one (exposed with 
900 L 3 ) died on day 378 of infection and postmortem 
examination could not be conducted due to excessive 
putrefaction of tissues. Nevertheless, the course of mi- 
crofilaraemia and other parameters were monitored for 
all the animals. 

All the monkeys irrespective of frequency and site of 
infective larval inoculum, became microfilaraemic by 
day 75. Progressive rise in peripheral microfilaraemia 
(mf) with peak attainment between 3 and 4 months of 
first exposure was observed, with one exception where 
the peak was attained around the sixth month (Table 1). 
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The peak mf count in infected animals varied between 
350 and 12,500 mf/ml of blood. In most animals, mf 
level came down steadily from 4th month onward and 
maintained at a low level up to 11 months. Re-exposures 
at late patency (between 8 and 11 months of infection) 
caused reversal of lowering mf level in 3 animals 
(receiving 500 L 3 initially). In the remaining two ani¬ 
mals (receiving multiple exposures at prepatent stage), 
re-exposure at late patent stage caused no resurgence of 
mf. 

It is evident from Table 1 that in spite of massive ex¬ 
posure of L 3 (700-1000) recovery of live adult worms 
was significantly low (<10). Nevertheless, calcification 
of lymph glands with debris of dead worms was ob¬ 
served in most of the monkeys. 

Of the five infected animals, three developed oedema- 
tous swelling of pitting type in the lower part of one of 
the hind limbs (Table 2). There was no predictable tim¬ 
ing for appearance of swelling. In the two monkeys 
(receiving single inoculum of 500 L 3 initially) swelling 
appeared on day 150 and 240 post exposure, whereas in 
the third monkey (receiving multiple exposures at pre¬ 
patency) swelling appeared on day 420. Though inten¬ 
sity of swelling (ratio 1.1-1.3) did not differ 
significantly, the frequency of occurrence (1-4 epi¬ 
sodes) and duration of persistence (4-90 days) differed 
to a great extent in individual monkeys. 

Rectal temperature of all the exposed monkeys during 
the course of observation period was recorded. Whereas 
most of the symptomatics and asymptomatics did not 
show any alteration in body temperature (102°F), only 
one animal (receiving 700 L 3 ) while displaying 4 epi¬ 
sodes of oedematous swellings had raised body tempera¬ 
ture which was more pronounced during later attacks 
(Table 2). The highest temperature recorded in this 
monkey was 103.8°F around day 540, coinciding with 
the last episode of swelling. 

The AEC of individual animals, just before filarial 
exposure varied from 56 to 334 eosinophils/cmm. The 
level of AEC of unexposed control animal varied be¬ 
tween 56 and 426 eosinophils/cmm. It was observed that 
irrespective of size of inoculum and frequency of ad¬ 
ministration, the pattern of AECs during the course of 
infection did not differ much amongst exposed animals. 
During early patency with rising trend in microfilarae¬ 
mia, the level of AEC remained within normal range. 
The elevated level of AEC apparently coincided with 
downward trend in mf level mostly during later stage of 
infection. The increased AEC level at any time varied 
between 3 and 5 times the individual’s own initial level, 
with one exception where the level remained normal 
even after re-exposures (Table 2). 

Lymphatic filariasis displays a wide spectrum of clini¬ 
cal manifestations ranging from acute attacks of lym¬ 
phangitis to the development of grotesque deformities 
like elephantiasis. Our knowledge regarding the factors 
that generate and modulate the sequence and intensity of 

165 



RESEARCH COMMUNICATIONS 





Table 1. 

Course of Brugia malayi infection in Presbytis entellus 


Number 

of 

monkey 

used 

Total 
no. of 

l 3 

inoculated 

Prepatent 

period 

(days) 

Peak mf 
counts/ml 

Peak 

attain¬ 

ment 

(days) 

Latency 

attained 

(days) 

Day of 
resurgence 
of mf post 
re-exposure 

No of adult 
worms* 
recovered 

Calcification 
observed 
Total in 


1000 (2) 

350 (1) 

75 (5) 

90-120 (4) 

200 (2) 

60(3) 

3-6 

900 (2) 

700 (1) 

1385 (1) 
5000 (2) 

12,500 (1) 

150.180 (1) 

300(1) 

500 (2) 


0 


2 5-8(2) Popliteal 

inguinal 

0 0 (2) and Axillary 

lymph glands 
(3) 


Figures in parentheses indicate the number of animals. 
^Postmortem examination of one animal was not done 


Table 2. Disease manifestations in Presbytis entellus with Brugia malayi 


Number of 
monkeys 
showing 
swelling 

No. of 
episodic 
swelling 

Persistence 
of swelling 
in days 

Temperature 
(°F) during 
swelling 

Number of 
monkeys 
showing 
eosinophilia 

No. of 
episodic 
elevated 
AEC 

Period of 
episodic 
elevated 
AEC 


1(2) 

90(1) 

102 (2) 

4 

2(3) 

150-180 

and 

3 

4(1) 

30(1) 

4-15(1) 

103.8 (1) 


1 (1) 

300-420 (3) 
300-420 (1) 


Figures in parentheses indicate the number of animals. 


filarial disease manifestations is fragmentary. It is inter¬ 
esting to note that the percentage of people developing 
chronic disease manifestations (elephantiasis) is rather 
low but the occurrence of episodic adenolymphangitis 
(ADL) with or without fever amongst infected persons is 
very high. In India, the annual incidence rate of chronic 
filarial pathology is reported to be 0.5% whereas the 
occurrence of ADL goes up to 50% (ref. 4). The major 
cause of filarial morbidity, leading to a huge loss of 
man-hours, is primarily due to episodic ADL. However, 
factors governing the development of various disease 
manifestations, specially the ADL, are still not clear. 

In the present study repeated exposures of L 3 of B. 
malayi were given to monkeys with the objective of 
simulating the situation prevailing in the endemic areas. 
A critical analysis of the parasitological parameters in¬ 
dicates that the prepatent period of all monkeys, irre- 
spective of quantum and frequency of exposure, was 
around 75 days. However, the intensity and course of 
microfilaraemia varied greatly in individual monkeys. 
Though in most of the monkeys, peak mf appeared 
around 100 days of infection, in the solitary case it was 
extended to 150 days displaying 12,500 mf/mj. Thus, P. 
entellus displayed far better performance as a host for 
B. malayi when compared with two other species P. 
cristata and P. melalophos 8 where highest mf densities 
were 182 and 65.8 mf/ml of blood respectively. 

Apparently, re-exposures with various inoculum sizes 
did not alter the course of mf significantly. Neverthe¬ 
less, resurgence of mf was observed following re¬ 
exposure in most of the monkeys. It may be noted that 
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relapse of microfilaraemia occurred within 60 days of 
the first re-exposure. In our earlier 9 and the present 
studies, the prepatent period of B. malayi in P. entellus 
was observed to be 75 days. Thus reappearance of mf 
(within 60 days) following re-exposure with L 3 could be 
due to L 3 -induced immunosuppression, resulting in ap¬ 
pearance of mf released from adult parasites from initial 
exposure. The other conjecture could be due to shorten¬ 
ing of prepatent period through host-parasite interaction 
following reinfection. It is difficult to explain why one 
monkey (exposed with 700 L 3 ) did not show any relapse 
of mf even after re-exposures. Nevertheless, this mon¬ 
key received least number of L 3 (700 L 3 only). The re¬ 
covery of adult parasites from the autopsied monkeys 
was extremely poor. As none of the monkeys was sacri¬ 
ficed during early stage of patency, it is difficult to as¬ 
certain the per cent worm establishment in individual 
monkeys. In our earlier study 9 , we have observed wide 
variations in the recovery of adult B. malayi (0-120 
worms) with calcified lymph glands. The per cent re¬ 
covery of adult parasites from two other Presbytis spe¬ 
cies was also poor 8 . The heightened eosinophilic 
response following decrease in mf density or re-exposure 
in most of the monkeys support the role of eosinophils 
in the removal of antigen 12 and the presence of func¬ 
tional immune (T-cell) response 13 . Appreciable increase 
in eosinophil counts in experimental filarial infection 
has been observed earlier by several workers 7,14,15 . 

As stated earlier, episodic ADL is the major cause of 
loss of man-hours in human filariasis and, unfortunately, 
no suitable laboratory model is available to work out the 
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causation of such a syndrome. It was interesting to ob¬ 
serve that the P. entellus-B. malayi model mimics to an 
extent the picture as observed in acute brugian filariasis 
in human beings 4 . The presence of low microfilaraemia 
as observed in all symptomatic monkeys also simulated 
the picture as observed in human beings 4 . Moreover, it 
has been established that the development of oedema- 
tous swelling in the present model appears not to be due 
to concomitant bacterial infection, as antibiotic 
(Terramycin at 50 mg/kg) failed to reduce inflammatory 
reactions. The aetiology of human episodic ADL is yet 
to be fully understood. However, a recent study 16 con¬ 
ducted with human subjects indicates that such episodic 
attacks are due to periodic release of filarial antigen 
rather than bacterial infections. Thus, P. entellus with B. 
malayi infection opens up better possibility for the in¬ 
vestigation on the causation of filarial manifestations in 
human subjects which is a major problem in filariasis. 
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Newton versus Einstein: How Matter 
Interacts with Matter. Peter Graneau 
and Neal Graneau. Affiliated East-West 
Press Pvt Ltd, 104, Nirmal Town, 26, 
Barakhamba Road, New Delhi 110 001. 
Carlton Press, Inc. 1993. 219 pp. Price: 
95.00 

This book deals with the subject of 
matter-matter interaction controversy in 
a non-mathematical language and, ac¬ 
cording to its authors, ‘is intended for 
readers who are fascinated by the laws 
of nature’. It presupposes only a modest 
knowledge of physics at the high school 
level. There are, till date, broadly two 
matter interaction principles - contact 
action and action at a distance. Every 
object, in the words of Aristotle, is 
pushed, pulled, carried, or twirled by 
whatever was in contact with it. There¬ 
fore, if a body moved, something else 
must have provided the driving force 
and stayed in contact with it. On the 
other hand, Newton’s law of gravita¬ 
tional attraction of two*masses is based 
on the action at a distance concept, 
since no matter how far the masses are, 
the inverse square law of gravitational 
attraction gives the instantaneous force 
between them. The concept of evolution 
of Newton’s action at a distance starting 
from Aristotle’s idea of matter touching 
matter (contact action)* for causing in¬ 
teraction is described lucidly and char¬ 
acterizes the entire book. The next 
milestone in the evolution of matter 
interaction concept is of Maxwell who 
introduced the concept of fields as the 
carrier of interaction. As the authors 
have stated, it is the field contact action 
which replaced the ordinary contact 
action. Maxwell introduced the luminif¬ 
erous ether medium which coexists with 
the Newtonian action at a distance. This 
ether was capable of sustaining me¬ 
chanical stresses. Attraction between 
distant bodies could be replaced by 
ether tension. The ether stresses of 
Maxwell took the place of Coulomb far- 
action. There was another set of ether 
stress to replace far action between cur¬ 
rent elements to take care of magne¬ 
tic interactions. The modern concept 
of matter interaction is due to Einstein 
who demolished Maxwell’s ether 
tension. Einstein insisted on retain¬ 
ing local field-contact action and 
rejected the action at a distance. The 
authors have made, a remarkable and 
penetrating analysis of the history of 
ideas lying behind the Newtonian and 


Einsteinian philosophy of matter inter¬ 
action. 

The authors profess their belief in the 
Newtonian action at a distance mode of 
interaction on the basis of some of their 
own experiments. They believe in the 
Ampere’s action at a distance law be¬ 
tween two current elements and not in 
the standard Magnetic Lorentz force 
law. The authors explain the principal 
difference between the two laws as fol¬ 
lows: When the two current elements lie 
on a straight line and point in the same 
direction, Ampere’s law claims that the 
elements repel each other, while the 
Lorentz law denies the presence of any 
interaction force. Hence if the two laws 
are applied to the same metallic current 
circuit, Ampere’s law predicts certain 
internal tension forces in the wire. The 
authors mention of more than a dozen 
experiments, some discussed separately 
in the book Ampere-Neumann Electro¬ 
dynamics (Hadronic Press, Palm Harbor 
FL, 1985) by the senior author, reveal 
Amperean tension in wires. A few cru¬ 
cial experiments have been discussed. 
One such experiment, originally per¬ 
formed by the Polish scientist Nasi- 
lowski and repeated later by the authors, 
is the observation of fracture of alum- 
nium rods of 1m length and 1.2 mm 
diameter in which large impulsive cur¬ 
rents were passed. Close examination of 
the fractured faces revealed no trace of 
local melting, but favoured explanation 
invoking Amperean tension. The 
authors claim the Lorentz force law 
cannot explain this phenomenon. An¬ 
other experiment described by the 
authors was to stack cylindrical copper 
blocks of 1/4-inch diameter and 2 cm 
long in a close-fitting vertical glass 
tube. The entire stack was compressed 
by a spring at one end. Under large cur¬ 
rent pulses, these blocks were seen to 
separate from one another by small dis¬ 
tances and short electric arcs were seen 
between the blocks. This observation, 
according to the authors, can only be 
understood by the longitudinal Am¬ 
perean forces. Yet another experiment 
described in the book uses half-inch- 
square copper rods, each one foot long, 
glued flush into a groove in a pexigla^s 
board, leaving a one-foot channel sec¬ 
tion between the rod ends. This 1/2-inch 
square trough of one-foot length was 
filled to the top with liquid mercury. 
Thus they had a 3-foot long, half-inch 
square, copper-mercury-copper C 9 nduc- 
tor in a groove of a plastic board. When 
a current of 300 amperes was passed 


through this conductor assembly, a 
wave pattern formed on the top surface 
of mercury. According to the authors, 
these are manifestation of longitudinal 
mercury flow just below the surface of 
mercury. Again this phenomenon is a 
pointer to the Amperean longitudinal 
force. These and other similar experi¬ 
mental results reported in the book and 
the explanation given by the authors [all 
of which are published in respectable 
international journals such as Nature , 
Physics Letters , Journal of Applied 
Physics , the Ph D thesis (University of 
Nottingham, 1962) of the senior author, 
etc.] are thought provoking. But no 
technical details are given in the book 
since the nature of the book has not 
allowed the authors to enter into these 
aspects. The purpose of the book is, 
perhaps, to arouse curiosity in the minds 
of readers having technical background 
and to guide them to the original pub¬ 
lished research articles. I believe that 
the standard Maxwell-Lorentz theory of 
electrodynamics is capable of proper 
explanation of the reported findings. I 
further believe that the majority of 
working physicists would hold the same 
view on the -explanation of these ex¬ 
periments. They would probably have 
no patience reading and swallowing the 
authors viewpoints after a brief perusal 
of the book. Surely the authors have 
anticipated this kind of reaction. Appar¬ 
ently, an earlier reviewer of the manu¬ 
script of this book has written (to quote 
the authors): ‘Nowadays, the Church is 
not much of a threat to freedom of ex¬ 
pression in science. But the Academy is 
a terrific threat - and in no academic 
sense.’ The straightforward style of the 
authors in presenting facts is a notewor¬ 
thy feature of the book. 

Perhaps, the most prominent attempt 
to formulate a direct particle action at a 
distance theory of matter interaction is 
that of Fred Hoyle and J. V. Narlikar 
{Action at a Distance in Physics and 
Cosmology , W. H. Freeman and Co., 
San Francisco). I am disappointed to 
find no mention of this work which is 
very pertinent to the ideas discussed. I 
regard this as a serious shortcoming of 
the book. The discussion on the nonlo¬ 
cality aspect of quantum mechanics is 
not up-to-date as of 1993 (the year of 
publication of the book). An appendix 
to the book stating the Ampere’s law in 
its mathematical form and a more de¬ 
tailed treatment of at least one of the 
author’s experiments would have added 
to the value of the book. 
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In spite of shortcomings, I find the 
book very interesting and informative. It 
would be of value to physicists inter¬ 
ested in foundations of field physics. 
Also to those who believe that the di¬ 
rection taken by the authors is a retro¬ 
grade step, it offers challenge to find 
consistent explanations of the experi¬ 
ments reported in the cited papers 
within the present day conventional 
physics. 

The get-up of this reasonably priced 
paperback is good. 

D. Sahoo 

Materials Science Division, 

Indira Gandhi Centre for Atomic 
Research, 

Kalpakkam 603 102, India 


Science for a Polite Society (Gender, 
Culture and the Demonstration of En¬ 
lightenment). Westview Press Inc., 5500 
Central Avenue 391, Boulder, Colorado, 
80301-2877, USA. 1995. Price: $35. 
391 pp. 


The book is about the Science of Sci¬ 
entific Revolution during the seven¬ 
teenth and the eighteenth century 
France. It presents social and cultural 
history of the birth of new Science dur¬ 
ing the reign of Louis XIII, XIV and 
XV. It explains in detail about the 
‘intellectual community’ who practised 
what they usually called ‘natural phi¬ 
losophy’ and ‘natural history’, and 
throws light on the influence, with re¬ 
spect to the literary and cultural context, 
of the new Science developed by them 
on the polite Society. The book, as the 
title suggests, depicts the gentle attrib¬ 
utes of natural philosophy in the seven¬ 
teenth and the eighteenth century Paris. 
These attributes proved to be crucial to 
the way in which the field entered into 
the intellectual world. The book ex¬ 
plains how social elite in Paris accepted 
Science as valid and interesting. French 
accepted Science as the basis foe their 
enlightenment because of their personal 
fascination with the philosophy of na¬ 
ture and the history of its creatures. It is 
the larger faith in the philosophy of the 
natural world, a kind of widely based 
movement in elite culture that is being 
presented. 

The book proceeds with what the 
author calls a standard story of steady 


and rational progress of Science, ac¬ 
cording to which the birth of new Sci¬ 
ence represented the discovery of 
immutable truths about the nature. It 
begins with the astronomical system of 
Nicholos Copernicus who in his book 
De Revolutionibus (On the Revolution 
of heavenly bodies) published in the 
mid-sixteenth century, produced a 
mathematical model for the motion of 
planets around the stationary sun. Fol¬ 
lowing his mathematical framework for 
heavenly bodies, a generation of natural 
philosophers like Galileo Galilei, Ke¬ 
pler, Rene Descartes and Francis Bacon 
came into limelight, who with their ob¬ 
servational skills and mathematical ele¬ 
gance of their theories, gave alternatives 
to the cumbersome Christianized Aris- 
totlian world-view. This lead to a con¬ 
tinuous and unified progress in Science 
with a large school of experimentalists 
doing systematic investigation of the 
natural phenomena by inventing more 
and more sophisticated instruments, and 
also some gifted mathematicians formu¬ 
lating their corresponding mathematical 
models. During the last decades of sev¬ 
enteenth century ‘incomparable’ Isaac 
Newton in his Principia provided three 
universal laws applicable to both terres¬ 
trial as well as heavenly bodies. New¬ 
ton’s work was followed by a host of 
mathematicians working out the details 
and the applications of his theories. 

According to the standard story, the 
eighteenth century consolidated the 
advances of the seventeenth century. 
The new Science became popular be¬ 
cause it provided a source of amusement 
and spectacle through demonstration- 
cum-lectures, (and also through their 
proceedings published (and distributed) 
weekly by some special Institutions, e.g. 
‘Bureau d’Adresse’ run by Renaudot in 
Louis XIII France). According to the 
author, the interest in Science arose not 
from some patriotic duty or self- 
imposed discipline but rather from sheer 
enjoyment that the practice of Science 
brought to its amateurs. With the tri¬ 
umph of science came a sort of intellec¬ 
tual prestige that made it a model of 
what rationality should be. The enlight¬ 
enment of the eighteenth century took 
scientific thought as the basis of human 
progress. The scientific community be¬ 
lieved that the application of the meth¬ 
ods and techniques of scientific theory 
could .reform political and economic 
thought. • 

I shall now discuss some of the as¬ 
pects incorporated by the author in his 


book which make it different from other 
traditional accounts of the history of 
Science. The author has presented the 
kind and gentle face of Science in the 
Ages of Reason and Enlightenment., 
which is more feminine than is usually 
highlighted by the standard historians of 
Science. The author has discussed in 
some detail the significant role played 
by women in the acceptance of new 
Science by a polite society, or in other 
words, the feminine or the feminist side 
of the Scientific Revolution has been 
explored. The influence of women, es¬ 
pecially, during the reign of Louis XIV 
and the early period of the rule Louis 
XV, on who practised science and how 
they practised it has been described. 
Their involvement ranged from the seri¬ 
ous study of Mile de Chetaignaires or 
Mme du Chatelet, the academy of Mme 
de Guedreville to simple attendence at 
the Rohault’s or Nollet’s lectures or the 
reading of Fontenelle’s Conversations 
on the Plurality of Worlds . Even 
though, in general, women were not the 
permanent members of ‘academic’ insti¬ 
tutions like ‘Academie royale des sci¬ 
ence’, the author draws attention to 
their active participation in essentially 
every philosophical or experimental 
venue, giving, suggestions on how to 
make science more amusing, fascinating 
as well as enlightening. This aspect 
which proved crucial in popularizing 
Science, is not in general discussed in 
standard literature on history of Sci¬ 
ence. 

The author has described in detail 
about the work of intellectuals ranging 
from Renaudot, Descartes, Chapelain, 
Huygens, etc. to Nollet, Leibniz and 
Newton. He has also discussed the fa¬ 
mous disputes among the Cartesians, 
Newtonians and Leibnizians. The com¬ 
peting theories came to be accepted 
either at the demonstration lectures or in 
some academic institutions, e.g. the 
reconciliation between Cartesians and 
Newtonians became explicit at Mme du 
Chatelet’s ‘Institutions de physique’. 
This in turn, according to the author, 
represents the feminine side rather than 
masculine side of the Scientific Revolu¬ 
tion. 

The demonstration lectures which 
proved crucial in making the new Sci¬ 
ence popular have been explained in 
detail which helps the reader to get a 
‘feel’ for the nature of these demonstra¬ 
tions and their impact on the general 
audience. The author describes the 
demonstration lectures (with pictures of 
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apparatus) ranging from Rene Des¬ 
cartes’ explanation of natural phenom¬ 
ena, Poliniere’s ‘fountain in vacuum’, 
Hauksbee’s electric machine, etc. to the 
apparatus describing parabolic nature of 
trajectories and Nollet’s several electric 
•experiments. 

The author also points out in his book 
about the relation between the Church 
and Science. The great conflict so fre¬ 
quently portrayed between Church and 
Science, between stultified authority 
and ingenious reasoning simply did not 
show itself during Louis XIII. The 
French catholism never felt particularly 
challenged or threatened because of 
development of new science. According 
to the author, the conflict between an¬ 
cient and modern learnings occurred not 
in the field of science but in the field of 
literature which is rather not so com¬ 
mon. 

This is an excellent and informative 
book for those who want to study the 
history of Science, and get a ‘feel’ for 
how it was developed in a polite society 
like that of France during Louis XIII, 
XIV and XV era. The only'flaw that I 
could find in the book was that it is 
‘heavy* reading for those who are not 
students of the history of science. 

Anju S harm a 

National Institute of Advanced Studies, 
IISc Campus, 

Bangalore 560 012, India 


Quantification and the Quest for 
Medical Certainty. J. Rosser Mathews. 
Princeton University Press, 41 Williams 
Street, Princeton, New Jersey 08540, 
USA. 1995. 195 pp. ’ 


The least one can.say is that this is a 
fine book. It tells us the story of people 
who passionately involved themselves 
in doing the right ming for their times 
as well as for the future. Introduction of 
statistical reasoning in medicine, as an 
obligatory need to know if we are really 
helping the patient by our remedies, has 
been no small exercise. I have no doubt 
in recommending this book to any one 
who is reasonably interested in bio¬ 
medical research/profession and biome¬ 
try in any form. I will paraphrase the 
ideas that the book spurred in my own 
thinking to illustrate how current such 
an account can be. Moreover, a review 
should not be a potted book. I would 


say, there is much to learn for the con¬ 
temporary medical man in this. There is 
even more to learn for the statistician, 
who often is ignorant of the travail that 
goes into the treatment of a disease or 
the research associated with it. What 
impressed me in this book is the ability 
to evoke many parallel thoughts without 
forcing them on to the reader in an oth¬ 
erwise historical account of quite a 
technical nature. 

The concluding chapter highlights the 
professional concerns of the author. 
There is the parallel between the 
Kuhnian revolution in the dominant 
paradigm of the feel for the nature of 
objectivity... amidst the disciplinary, the 
procedural, the dialectical and the abso¬ 
lution^ notions. Relevance to contem¬ 
porary problems like AIDS has also 
been touched upon. But there is more. 

First there is this question of the pri¬ 
macy of the individual in medical pro¬ 
fession as opposed to the patient merely 
representing a number. Does represen¬ 
tation of individual suffering and an¬ 
guish as a part of statistics dehumanize 
the essence of medical practice? The 
debate starts there with the French 
school. If Hippocrates forbade the use 
of knife on a man with stone, what mis¬ 
ery, what anguish has gone in to record 
this to posterity as a solemn oath that all 
of us have taken? Balance this against 
the imperative of public health, the des¬ 
peration of an epidemic or the illness 
and death associated with squalor and 
deprivation. A few have identified 
themselves with the need to bridge the 
gap between mathematical sciences and 
medicine which were otherwise quite 
separate in those days, and even today. 
It takes a commitment of a different 
kind to fight for a method and a princi¬ 
ple, ignoring immediate job satisfaction 
that the physician/surgeon has. The 
Halsteads were apparently no exception 
to succumbing to the particular and 
forget the general and the statistical. 

Much has been stated about this Cal¬ 
vinist enthusiasm in the birth of science 
in the old continent. Again the revolu¬ 
tion, an year after beheading Marie 
Antoinette, gave the primacy to physical 
examination, autopsy and statistics in 
the management of medical matters. The 
fight has been right. If Louis, the pro¬ 
tagonist of the number game is to be 
believed, the mean value between com¬ 
peting therapies would tell us the merits 
of each. But then mean value did not 
tell us something about the uncertainty 
associated with it. Then came the Pois¬ 


son ratio of 212:1 or 0.9953 as a stan¬ 
dard of certainty (tending to unity). The 
odds became too high. Thpre is nothing 
more pleasurable than to attack your 
opponent with his own figures. And 
medical history, as with science, has 
been full of such instances. 

The drama is not restricted to only 
fights about numbers. Attitudes and 
personalities have all been touched 
upon. If Karl Pearson would rather sack 
Pearl from the editorship of Biometrika 
than allow him to commit heresy against 
his own pet theme of Eugenics, it 
sounds all too familiar. These lows are 
also accompanied by highs. If Green¬ 
wood would rather spend time in the 
newly instituted Medical Research 
Council (started as MR Committee at 
Hampshire) educating the ignorant bu¬ 
reaucracy in medical epidemiology and 
statistics, Pearson would rather have 
one attend to important research than 
attend to educating the minions; the 
conflict of perceptions becomes obvi¬ 
ous. The stoicism involved in spurning 
a cushy research position to a more pro¬ 
saic posting in public health becomes 
all the more appreciable when we real¬ 
ize that the efforts at helping build 
MRC did not go in vain either. This 
reminds one of what Effraim Racker 
once said: even if the government forces 
you to do applied work, if you proceed 
logically enough, you will soon be do¬ 
ing very basic work. Ultimately the 
movement across the old and new con¬ 
tinents culminated in the pathbreaking 
work of Hill in the design of a random¬ 
ized clinical trial, borrowing and 
building upon Fisher’s random block 
design which was so successful in agri¬ 
culture. This led to safety for the public 
that an untested drug shall not be be¬ 
stowed upon us, thalidomide notwith¬ 
standing. 

It is beyond the scope of the book 
and, perhaps, the author’s expertise that 
he did not touch upon the relevance of 
the study on contemporary issues. I will 
mention’ just a couple of instances 
wherein this book would give much for 
thought. The increasing frustrations in 
pharmacoeconomics require that the 
cost of drug testing be brought down. 
The obvious area would be in the clini¬ 
cal trials. The testing is so expensive 
that the drug throughput is largely 
minimized by the prohibitive costs and 
time in drug testing. Also, as gentler 
drugs that improve quality of life are 
being thought of than cure in many in¬ 
stances, what does the investigator do in 


170 


CURRENT SCIENCE, VOL. 70, NO. 2, 25 JANUARY 1996 


BOOK REVIEWS 


the face of insufficient level of signifi¬ 
cance? Lowering the requirements 
would allow more placebos to enter the 
market, while elevating it would mean 
better throughput of drugs at the loss of 
some gentler drugs since elimination is 
more stringent. Then there is the ques¬ 
tion of competing risks for which no 
good method exists. There are hardly 
any serious medical situations that are 
not characterized by competing risks. 
Mean, variance, limits, levels of signifi¬ 
cance, all these have been continuously 
revised and we now find that we have 
not addressed ourselves to the basic 
question that the risks are not in isola¬ 
tion and often compete. The second 


question relates to whether medical care 
has become more blurred incidental to 
introduction of decision by numbers. 
Anyone who is familiar with the West¬ 
ern medical care, is only too familiar 
with the impersonal handling without 
involvement all too well. A patient is a 
number in Blue Cross or Blue Shield, 
part of the managed care etc... a dot in 
the economic horizon for the entrepre¬ 
neur. This state of affairs has definitely 
come with some academic backing! 
How much has the preoccupation with 
objectivity led to a changed psyche that 
dehumanized the patient care? Does the 
largest good to the largest number of 
people have an idealogical overtone? 


How much has the same lack of ob¬ 
jectivity sustained the East, locked up in 
its own medical systems at a substan¬ 
dard level of patient care, unquestioned 
by the tradition-bound uncritical public 
merely due to anecdotal successes? The 
book definitely raises many parallels to 
the contemporary scene. I guess that is 
what makes history fascinating. It holds 
a mirror to the present. 

V. SlT ARAM AM 

Biotehnology Department, 

University of Pune, 

Pune 411 007, India 


Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur, 

Bangalore 560 064, India 

Applications are invited for the post of Faculty Fellow (equivalent to Reader/Assistant Professor in a 
University/IIT) in the following areas:. 

Theoretical Sciences: Statistical mechanics, Computer mathematics, Mathematical physics, 
Cryptography, Theoretical biology, or any frontier area of contemporary interest. 

Chemical and Materials Sciences: Synthesis and characterization of molecular materials; Colloid and 
interface science; preparative materials science. 

Biological and Ecological Sciences: Gene targeting, gene therapy and transgenic animal systems; 
Animal behaviour. 

The post carries a basic pay of Rs 3,700/- (the total emoluments being approximately Rs 9,800/- per 
month). 

Applicants must have a Ph D degree and two years of post-doctoral experience. Those without 
requisite experience may be considered for fixed term appointment as Fellow. 

Applications may be sent to the Coordinator, at the address given above, on a plain paper giving 
detailed curriculum vitae and at least three names of referees. 
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The centennial of the discovery of millimetre waves by 
Jagadis Chandra Bose (1858-1937) 

In May 1885, Jagadis Chandra Bose produced for the first time electromagnetic waves having wavelengths of a 
few millimetres; and thus he opened up the fields of microwave physics and communication. On the centennial 
year, Bose Institute, Calcutta has brought out a charming 165-page book entitled ‘J. C. Bose and 
Microwaves-A collection’, edited by P. Bhattacharyya and M. H. Engineer. Most of the book is used for 
reproducing the classical original papers of J. C. Bose’s wherein he studied the production of microwaves and 
their interaction with matter. The book has a foreword by P. K. Ray, Bose Institute (2 pages), an Introduction 
(3 pages), a historical note (4 pages), a copy of the patent application made by Bose (11 pages) and a chapter 
on the current status of microwave and millimeter waves (8 pages). The volume contains very interesting historical 
information. P. K. Ray says: 

7 am sure (the book) will be useful not only as a historical document which will thrill and excite the minds 
of young researchers, but will also prove that, with firm conviction and considerable amount of faith and 
confidence how a scientist can come out with a miraculous scientific discovery. ’ 

This volume in a sense is a tribute (to quote P. K. Ray again): 

To the doyen of Indian science who for the first time instilled in the minds of a large number of young 
researchers the confidence that Indian scientists on Indian soil with even meagre resources can produce world 
class science. ’ 

The Director, Bose Institute has most graciously permitted us to use this book to write the following article. For 
producing a connected picture of J. C. Bose’s discovery we have used many extracts from the book. We also 
quote from passages of the book how: 

‘the man who had brought modern physical science into India was thought of by the rest of the world in his 
time ' 

It is gratifying to note that J. C. Bose's discovery of mm waves is being followed up in this country. A 10.4 
metre dish antenna has been set up along with a millimetre wave laboratory in Bangalore to do mm wave radio 

astronomy (Figures 2 and 3). Many laboratories in India are also working on mm wave communication and on 
mm wave radar. 

We reproduce in this section two of J. C. Bose’s original articles which illustrate the genius he had for 
innovation and invention and the extraordinary insight he had for physics. 

S. Ramaseshan 


In May 1895 Jagadis Chandra Bose com¬ 
municated a paper entitled ‘On the 
polarization of the electric ray’ to the 
physical section of the Asiatic Society of 
Bengal wherein he described how he had 
generated electromagnetic waves of about 
5 millimetre wavelength. It was truly a 
great achievement. It is remarkable how 
in a small room (20ftsq.) in the Presi¬ 
dency College, Calcutta he was able to 
fabricate the apparatus, generate these 
waves and study their properties. These 
studies made history as the appearance 
of this paper saw the dawn of physical 
.scienoe in India and it also created the 
new field of microwave research. 

Apart from Bose’s aesthetic apprecia¬ 
tion of the science behind his discovery 
he realized its practical uses also. In early 
1895 he demonstrated at the Presidency 
College the possibility of sending mes¬ 
sages over distances using his electromag¬ 
netic rays. Perhaps the most spectacular 


demonstration he made was in the Town 
Hall of Calcutta in 1895. Before a large 
gathering he transmitted the waves 
‘through the body of the Chairman of 
the meeting, the Lieutenant Governor of 
Bengal’; the waves travelled over a fair 
distance in air, then through a solid wall, 
displaced a heavy weight, rang a bell 
and finally, to the surprise of everyone 
present, exploded a mine placed in a 
closed room! 

The celebrated paper of James Clerk 
Maxwell (1831-1879) on the electromag¬ 
netic theory was published in 1853 (when 
Bose was only 5 years old). Maxwell 
unfortunately could not see the brilliant 
confirmation of his theory by the experi¬ 
ments of Heinrich Rudolf Hertz in 1888. 

Hertz died at the young age of 37 in 
1894. Shortly after Hertz’s death, Oliver 
Lodge gave a commemorative lecture 
(1894) entitled The work of Hertz and 
some of his successors’ at the Royal 


Institution. This lecture greatly influenced 
many young scientists like Bose, Ruther¬ 
ford (see Box 1), Righi, Marconi, Branly, 
Zehnder, Popov and serious work on the 
generation of electromagnetic waves was 
started in different countries. For example, 
Righi tried to obtain wavelengths of 3 cm 
to 10 cm while his pupil Marconi experi¬ 
mented with 25 cm waves. In 1897 using 
a pair of parabolic cylindrical reflectors 
separated by four miles, Marconi succeeded 
in convincing the British Post Office that 
wireless telegraphy was possible. 

As said earlier Bose too was influenced 
by Lodge’s lecture and started his re¬ 
searches in November 1894. Within six 
short months he succeeded in producing 
5 mm to 25 mm waves. He sent his paper 
to The Asiatic Society. Bose made many 
innovations. Most of the previous inves¬ 
tigators including Hertz himself faced the 
grave problem of the discharge stopping 
when the surface of the sphere became 
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Figure 1 . J. C. Bose lecturing at the Royal Institution. 



Figure 2. Millimetre Wave Telescope in Bangalore-A fitting memorial to J. C. Bose 
who discovered millimetre radio waves. 


rough. Bose got over this problem by 
using platinum balls/beads. 

‘after some difficulty in obtaining the requi¬ 
site high temperature I succeed in casting 
a solid ball and two beads of platinum’ 

He used for the first time a spiral 
spring coherer as receiver. He was also 
amongst the first to employ semi-conduc¬ 
tors (like galena) as a self-recovering 
detector for his rays. For polariser and 
analysers, his use of jute fibres and the 
pages of a book are indeed masterpieces 
of innovation. 

His apparatus was very compact: 

‘The radiating box was portable; the one I 
have been using for some time past is 7 
inches in height, 6 inches in length and 4 
inches in breadth. There is another which 
is still smaller.’ 

This he packed into a suitcase and 
exhibited the generation and transmission 
of 5 mm to 25 mm electromagnetic waves 
to many audiences. 

Bose’s apparatus was reproduced in 
many contemporary books and articles 
by J. J. Thomson, Poincare and others. 
Cornu the President of the French 
Academy of Sciences acknowledged 
‘Bose’s power for furthering the progress 
of science’. Lord Kelvin was ‘literally 
filled with wonder and admiration’. After 
Bose’s British Association lecture, old 
Lord Kelvin limped up the stairs to the 
ladies gallery to congratulate Mrs (Lady) 
Abala Bose. 

We reproduce some passages written 
at that time: 

News item from The Englishman of 

13 December 1895 or The Statesman of 

14 December 1895: 

‘Father Lafont informs us that Professor 
J. C. Bose, BA and B Sc, and old pupil of 
St. Xavier’s College and Lecturer in physics 
in the Presidency College had the honour 
of receiving, by the last mail, a letter from 
Lord Rayleigh, the discoverer of argon, 
regarding a paper “On the indices of electric 
refraction” communicated by him to the 
Royal Society. So* highly important were 
these researches regarded that the Royal 
Society has expressed a desire to make a 
grant in furtherance of them from the 
“Government Fund for the Encouragement 
of Original Research” annually voted to the 
Society by Parliament.’ 

The Electrician in its leading article 
(December 1895) was the first to foresee 
the possibilities of J. C. Bose’s wireless 
receivers. 

‘His sensitive detector of electromagnetic 
radiation, perfectly prompt in its self¬ 
recovery, should serve to revolutionise the 
existing methods of telegraphy.’ 
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Figure 3. The millimetre wave electronics laboratory at Raman Research Institute. 


Box 1. 

Also in 1895, a young physics student named Ernest Rutherford arrived in Britain 
| from New Zealand with a scholarship for further study. The scholarship, awarded 
to a New Zealand student only once every few years, had initially been given to 
la young chemist, but who decided at the last minute to get married and stay in 
New Zealand. The scholarship passed to Rutherford, who, thanks to a change in 
regulations, was able to use it at the Cavendish Laboratory in Cambridge, under 
J. J. Thomson. 

In New Zealand, Rutherford had carried out experiments on radio telegraphy. He 
took his transmitter to Britain and at Cambridge continued his pioneer investigations. 
In 1895. Guglielmo Marconi was carrying out his first experiments on radio telegraphy 
in Bologna, but according to J. J. Thomson, it was Rutherford who held the world 
record for radio telegraphy transmission at that time. 


The Calcutta Newspaper, The English¬ 
man (18 January 1896) quoted from that 
issue of The Electrician thus: 

‘The Electrician thinks that it would be a 
useful and remunerative work for some prac¬ 
tically-minded man “to devise a practicable 
system of electromagnetic light-houses, the 
receivers on board ship being some electrical 
equivalent of the human eye. The evolution 
of a suitable generating apparatus would, 
we think present little difficulty; that of a 
suitable receiver on the other hand seems 
likely to give considerable trouble. In this 
connection we would draw attention to the 
substantial and workmanlike form of 
‘Coherer’ devised by Professor Bose, 
described by him at the end of his paper 
which would appear to leave little to be 
desired, and it is certainly more likely to 
withstand, the thousand and one shocks at 
sea than any of the forms hitherto brought 
about... should Professor Bose succeed in 
perfecting and patenting his ‘Coherer’ We 
may in time see the whole system of coast 


lighting throughout the navigable world 
revolutionized by the discoveries made by 
a Bengali Scientist working single-handed 
in our Presidency College Laboratory.’” 
Another paper of his ‘On the deter¬ 
mination of the wavelength of electric 
radiation by a diffraction grating’ was 
communicated to the Royal Society by 
Lord Rayleigh in 1896. 

That this paper received approbation 
from the London University is evident 
from the letter Sir Alfred Croft, Director 
of Public Instruction wrote on 16 June 
1896. 

‘The subject dealt with has long been 
regarded as of very great importance, 
attempting as it does the complete specifica¬ 
tion of the unknown forces involved, by 
determining the length of the invisible 
wave.... The problem was attempted by 
Hertz, and subsequently by many continental 
physicists, but the results obtained were very 
contradictory. Mr. Bose has recently suc¬ 
ceeded in solving the problem with entirely 


satisfactory results; and a copy of the paper 
embodying his solution was sent to the 
University of London as a Thesis for the 
degree of Doctor of Science. I should explain 
that before being admitted to the examination 
for that degree a candidate has to produce 
a Dissertation embodying the results of 
original research in some branch of science. 
On the acceptance of the Dissertation by 
the University, the candidate has, in general, 
to undergo a further examination. There is, 
however, a provision in the D Sc regulations 
that a candidate may, at the discretion of 
the university, be exempted from further 
examination, provided the paper submitted 
is of special excellence. Mr. Bose received 
on the 27 May, a telegram from the Registrar 
informing him that his Thesis was accepted 
and his presence at the examination excused’. 
This exemption was a great honour. And 
this thesis, in the form of a paper was 
communicated to the Royal Society for 
publication by Lord Rayleigh and accep¬ 
ted by the Society within a fortnight. 

Such honours in recognition of his 
work convinced the Lt. Governor of Ben¬ 
gal, of the need of sanctioning a special 
annual grant of Rs 2500 for his own 
independent researches. 

Lord Kelvin realized the conditions 
under which J. C. Bose worked and wrote 
to Lord George Hamilton, then Secretary 
of State of India. 

‘It would be conducive to the credit of 
India and the scientific education in Calcutta, 
if a well-equipped physical laboratory is 
added to the resources of the University of 
Calcutta in connection with the Professorship 
held by Dr. Bose.’ 

Following on this Lord George Hamilton 
wrote: 

‘To the great importance which we attach 
to the establishment in the Indian Empire 
of a Central laboratory for advanced teach¬ 
ing and research in connection with the 
Presidency College, Calcutta. We believe 
that it would be not only beneficial in 
respect to higher education, but also that it 
could largely promote the material interest 
of the country; and we venture to urge on 
you the desirability of establishing in India 
a Physical Laboratory worthy of that Great 
Empire.’ 

Among the memorialists were Lord 
Lister, then President of the Royal 
Society, Lord Kelvin, Prof. Clifton, Prof. 
Fitzgerald, Dr Gladstone, Prof. Poynting, 
Sir William Ramsay, Sir Gabriel Stokes, 
Prof. Silvanus Thompson, Sir William 
Ricker and others. 

Regarding Bose’s lecture, Times (Lon¬ 
don) on 5 October 1896 wrote: 

‘Among the most interesting features at the 
British Association this year was the paper 
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on electrical waves by Professor J. C. Bose. 
The gentleman, an MA of Cambridge, Doctor 
of Science of London and a graduate of 
the Calcutta University, had already won 
the attention of the scientific world by his 
strikingly original researches on the polariza¬ 
tion of electric ray. His later papers on the 
determination of the indices of electric 
refraction and the wave length of electric 
radiation were published, with high tributes, 
by the Royal Society.’ 

Daily Chronicle on 28 November 1896 
reported: 

'Prof. Bose has transmitted signals to a 
distance of nearly a mile; and herein lies 
the first and obvious and exceedingly valu¬ 
able application of this new theoretical mar¬ 
vel. It is telegraphy without any kind of 
intervening conductor. Every reader, we are 
sure, will instantly see that if all this be 
true the great problem of transmitting signals 
from ship to ship or from lighthouse to ship 
through a fog, has been solved and this 
alone will be a priceless benefit to the 
human race.* 

Bose addressed the Before-Easter ses¬ 
sion of the Royal Institution. This Friday 
Evening Discourse was welcomed by the 
press and the public. Referring to his 
discourse, The Spectator said: 

There is, however, to our thinking some¬ 
thing of rare interest in the spectacle there 
presented, of a Bengali of the purest descent 
lecturing in London to an audience of ap¬ 
preciative European savants upon one of the 
most recondite branches of modern physical 
science. It suggests at least the possibility 
that we may one day see an invaluable 
addition to the great army of those who are 
trying by acute observation and patient ex¬ 
periment to wring from Nature some of her 
most jealously guarded secrets. The people 
of the East have just the burning imagination 
which could extort a truth out of a mass 
of apparently disconnected facts, a habit of 
meditation without allowing the mind to 
dissipate itself and a power of persist¬ 
ence - it is something a little different from 
patience — such as hardly belongs to any 
European. We do not know Professor Bose, 
but we venture to say that if he caught 
with his scientific imagination, a glimpse 
of a wonder-working “ray” as yet unknown 
to man . .., and believed that experiment 
would reveal its properties and potentialities, 
he would go on experimenting ceaselessly 
through a long life, andl, dying, and hand 
on his task to some successor. Nothing 


would seem to him laborious in his inquiry, 
nothing insignificant, nothing painful, any 
more than it would seem to the true Sanyasi 
in the pursuit of his inquiry into the ultimate 
relation of his own spirit to that of the 
Divine. Just think what kind of addition to 
the means of investigation would be made 
by the arrival within that sphere of inquiry 
of a thousand men with the Sanyasi mind, 
the mind which utterly controls the body 
and can meditate and inquire endlessly while 
life remains, never for a moment losing 
sight of the object, never for a moment 
letting it to be obscured by any terrestrial 
temptation. 

... We can see no reason whatever why the 
Asiatic mind, turning from its absorption in 
insoluble, problems,... should betake itself 
ardently, thirstily, hungrily, to the research 
into Nature which can never end, yet is 
always yielding results, often evil as well 
as good. If that happened - and Professor 
Bose is at all events a living evidence that 
it can happen, that we are not imagining 
an impossibility - that would be the greatest 
addition ever made to the sum of the mental 
force of making in that one special and of 
course most profitable direction.’ 

Before leaving England, he was invited 
to deliver a lecture on electric ray by 
the Imperial Institute on 18 February 
1897. 

Referring to his work, Sir Henry Ros- 
coe, the Vice Chancellor of the University 
of London, acknowledged that 

‘the Eastern mind was equally capable of 
making great scientific discoveries and 
producing experimentalists as eminent as 
those of the west.’ 

Lord Reay, the former Governor of 
Bombay who was present in the lecture 
representing the statesman’s point of view, 
drew attention to the importance of India’s 
contribution to science: 

‘For science was absolutely international, 
and any result obtained by Dr. Bose in 
India could at once be annexed by us without 
protest.’ 

We reproduce the summary of Bose’s 
work by Kuntz: 

Bose showed that these short electrical waves 
had same properties as a beam of light, 
exhibiting reflection, refraction and even 
total reflection, double refraction, polariza¬ 
tion and rotation of the plane of polarization. 
The thinnest film of air is sufficient to 
produce total reflection of visible light be¬ 


cause of its extremely short wavelengths; 
but in Bose’s short electric waves, the critical 
thickness of the air-space was determined 
by the refracting power of the prism, and 
by the wave-length of the electric oscilla¬ 
tions. He found a special crystal, Nemalite, 
(a fibrous form of Brucite) which exhibits 
the polarisation of electric waves in the 
very same manner as a beam of light is 
polarised by selective absorption in crystals 
like Tourmaline, which Bose found to be 
due to their different electric conductivity 
in two directions. The rotation of the plane 
of polarisation was demonstrated by means 
of a contrivance twisted like a rope, and 
the rotation could be produced to left or 
right, just as different sorts of sugar rotate 
the plane of polarisation of ordinary light 
towards one direction or the other. The 
index of refraction of these electrical waves 
was determined for different materials; and 
a difficulty was eliminated which presented 
itself in Maxwell’s theory, as to the relation 
between the index of refraction of light and 
the dielectric constant of insulators. Bose 
also measured the wave-length of the various 
oscillations. In order to produce the short 
electrical oscillations, to detect them and to 
study their optical properties, he had to 
invent a large number of new apparatus and 
instruments; and he has indeed enriched 
physics by a number of apparatus distin¬ 
guished by simplicity, directness, and in¬ 
genuity. 

Another statement about Bose’s process 

in instrumentation: 

‘His technical virtuosity was quite remark¬ 
able. Microwave generators, detectors, 
waveguides, horn antennas, lens antennas, 
mirrors, two prism directional couples, 
polarimeters, spectrometers, dielectrometers, 
recorders, all the paraphernalia for today’s 
research, he designed and fabricated himself. 
He has been called the father of microwave 
analogue optics for very good reason. Nor 
was he less of a pioneer in making solid 
state detectors-to construct these he dis¬ 
covered the phenomenon of “doping”.’ 
Clearly he was much ahead of his time. 
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On polarisation of electric rays by double-refracting crystals 

J. C. Bose 


A beam of ordinary light incident on a 
crystal of Icelandspar is generally bifur¬ 
cated after transmission, and the two 
emergent rays are found polarised in 
planes at right angles to each other. The 
object of the present enquiry is to find 
natural substances which polarise the 
transmitted electrical ray. It was thought 
that the analogy between electric radiation 
and light would be rendered more com¬ 
plete if the classes of substance which 
polarise light were also found to polarise 
the electric ray. The two phenomena may 
be regarded identical if the same specimen 
is found to polarise both the luminous 
and the electric rays. 

As the wavelength of electrical radiation 
is very large compared with that of visible 
light, it may be thought that very large 
crystals, much larger than what occur in 
nature, would be required to produce 
polarisation of the electric ray. I have, 
however, succeeded in obtaining polarisa¬ 
tion effects with crystals of moderate 
size. This I was able to do by reducing 
the length of electric waves to about 
5 mm. or so. 

These experiments show that certain 
crystals produce double refraction, and 
that the transmitted beams are polarised. 
With the help of a rudely constructed 
apparatus, I was able, last year, to detect 
traces of these effects, The apparatus has 
since been improved in detail; it is now 
possible to detect the polarisation effect 
with certainty. 

The usual optical method of detecting 
the bi-refringent action of crystals, is to 
interpose the double refracting structure 
between two crossed Nicols. The inter¬ 
position of the crystal generally brightens 
the dark field. This is known as the 
depolarising effect, and is regarded as a 
delicate test for double refracting sub¬ 
stances. There is, however, no depolaris¬ 
ing action when the principal plane of 
the crystal coincides with the polarisation 
planes of either the Polariser or Analyser. 
The field also remains dark when the 
optical axis of the crystal is parallel to 
the incident ray. 

A similar method was adopted for ex¬ 
perimenting with polarised electric radia- 

Reprinted from Asiatic Soc. Bengal , May 1895. 
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tion. A parallel electric beam is first 
polarised by a wire grating. A similar 
grating acts as an Analyser. The two 
gratings are crossed, and the crystal to 
be examined is interposed. The Receiver 
is a modified form of “Coherer” with its 
associated voltaic cell and Galvanometer. 
Brightening of the field is indicated by 
a throw of the Galvanometer needle. 

Apparatus used 

The following are the different parts of 
a complete apparatus: 

Radiator 

Electric oscillation is produced by spark¬ 
ing between hollow hemispheres, and a 
small interposed sphere. The two beads 
attached to the hemispheres and the in¬ 
terposed sphere were at first thickly coated 
with gold, and the surface highly polished. 
This worked satisfactorily for a time, but 
after long-continued action, the surface 
of the ball became roughened, and the 
discharge ceased to be oscillatory. After 
some difficulty in obtaining the requisite 
high temperature, I succeeded in casting 
a solid ball and two beads of platinum. 
There is now no difficulty in obtaining 
an oscillatory discharge; the sparks are 
made very small, as these are more ef¬ 
fective with the receiver used. After a 
little experience, it is possible to tell 
whether the discharge is oscillatory or 
not. The effective sparks have a peculiar 
smooth sound, whereas non-oscillatory dis¬ 


charges give rise to peculiar cracked 
sound. 

As an electric generator, I at first used 
a small Ruhm-korff coil actuated by a 
battery. I, however, soon found that the 
usual vibrating arrangement is a source 
of trouble; the contact points soon get 
worn out, and the break becomes irregular. 
The oscillation produced by a single break 
is quite sufficient for a single experiment, 
and it is mere waste to have a series of 
useless oscillations. But the most serious 
objection to the production of secondary 
sparks, unless absolutely wanted, is their 
deteriorating action on the spark balls. 
Anyone who has tried to obtain an os¬ 
cillatory discharge knows how easily the 
discharge becomes irregular, and the most 
fruitful source of trouble is often traced 
to the disintegration of the sparking sur¬ 
face. In my later apparatus, I have dis¬ 
carded the use of the vibrating interrupter. 
The coil has also been somewhat 
modified. A long strip of paraffined paper 
is taken, and tin-foil pasted on opposite 
sides; this long roll is wound round the 
secondary to act as a condenser. In this 
way there is a great saving of space. The 
two ends of the primary are in connection 
with a small storage cell through a tapping 
key. The coil, a small storage cell, and 
the key are enclosed in a tin-box; a small 
opening behind allows the stud of the 
press-key to pass through. In front of the 
box there is an opening, through which 
the radiating tube projects. The radiating 
box, thus constructed, is very portable. 
The one I have been using for some time 



Figure 1 . Polarisation Apparatus. B, Metallic box enclosing the 
Ruhmkorff coil and Radiator. K, The crystal to be examined. E, 

Voltaic Cell. G, The Galvanometer. R, tube enclosing sensitive radiator. 
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past, is 7 inches in height, 6 inches in 
length, and 4 inches in breadth. There is 
another one which is still smaller. 

The radiator tube is 2.5 cm. in diameter. 
As an instance of the efficiency of the 
radiating apparatus, I may here mention 
the fact that the storage cell was charged 
about a month ago; I have since been 
using the apparatus for electro-magnetic 
radiation almost every day. All the while 
it required no attention, and there was 
no further necessity of polishing the spark¬ 
ing surfaces. To obtain a flash of radiation 
I have only to press the stud and release 
it, and on an average, I require about 
fifty flashes for a day’s work. For working 
an entire month it is therefore only neces¬ 
sary to have a little over a thousand 
breaks of the primary current. With the 
usual vibrating interrupter a larger number 
of breaks would have been necessary 
even for one hour’s work. 

Lens for rendering the beam paral¬ 
lel —In my first apparatus, with the help 
of an ordinary glass lens and suitable 
diaphragms, the beam was made ap¬ 
proximately parallel. This was more or 
less a guess-work, as the index of glass 
for the electric ray has not yet been 
determined. I have, however, succeeded 



Figure 2. The Radiator. 



Figure 3. The Spiral-spring Receiver. 


in determining the electric index for Sul¬ 
phur, which is very near 1.734. With the 
knowledge of this index, a cylindrical 
lens of Sulphur has been constructed, 
whose focal distance is known with ac¬ 
curacy. The source of radiation, the spark 
gap, is a line, and the lens is adjusted 
till its focal line and the spark gap coin¬ 
cide. In this way, a parallel beam of 
electric radiation is obtained. 

Polariser and Analyser. —The success 
of the experiment depends greatly on the 
care with which the Polariser and the 
Analyser are constructed. Fine copper 
wire, 0.2 mm. in diameter, was carefully 
wound in parallel lines round two thin 
sheets of mica; there were about 25 lines 
in one centimeter. The mica pieces were 
then immersed in melted paraffin, and 
the wires thus fixed in situ. By cutting 
round, two circular pieces containing the 
gratings were obtained. One of these acted 
as a Polariser and the other as an Analyser. 

Receiver. —The receiving circuit con¬ 
sists of a spiral-spring coherer in series 
with a modified Daniell cell and an 
aperiodic galvanometer of D’Arsonval type. 

In a square piece of ebonite a shallow 
rectangular depression is cut out, and a 
single layer of steel spiral springs 2 mm. 
in diameter and 1 cm. in length is laid 
side by side, the sensitive surface being 
1 x 2 cm. The springs are prevented from 
falling by a glass slide in front. The 
spirals may be compressed by means of 
a brass piece which slides in and out by 
the action of a screw. The resistance 
offered by this portion of the circuit can, 
therefore, be gradually varied. An electri¬ 
cal current enters along the breadth of 
the top spiral and leaves by the lowest 
spiral, having to traverse the intermediate 
spirals along the numerous points of con¬ 
tact. The resistance of the receiving circuit 
is thus almost entirely concentrated at 
the sensitive contact-surface, there being 
little useless short-circuiting by the mass 
of the conducting layer. When electric 
radiation is absorbed by the sensitive 
contacts, there is a sudden diminution of 
resistance, and the galvanometer is 
violently deflected. 

A pair of insulated wires from the ends 
of the receiver are led out to a gal¬ 
vanometer placed at a distance. The lead¬ 
ing wires are shielded from radiation by 
enclosing them inside two coatings of 
tin-foil. As an additional precaution, the 
galvanometer and the voltaic cell are also 
enclosed in a metallic case with a slit in 


front of the galvanometer mirror. A spot 
of light reflected from the mirror is 
received on a scale. By adjusting the 
electromotive force of the circuit, the 
sensitiveness of the receiver may be in¬ 
creased to any extent desirable. 

This is most simply effected by the 
following arrangement of a modified 
Daniell cell and a shunt. A small U tube 
is taken and the two limbs filled with 
copper sulphate and sulphuric acid, 
respectively; the bent portion of the tube 
is plugged with asbestos to prevent rapid 
mixing of the two liquids. A sliding 
ebonite piece carries a rod of zinc and 
a rod of copper, which are plunged in 
the two electrolytes. The cell is shunted 
with a resistance of about 10 ohms and 
the current flowing through the shunt, 
and therefore the derived E. M. F. is 
varied by varying the resistance of the 
cell by raising or lowering the electrodes. 
When no current is required, the rods 
are raised out of the liquids. A cell thus 
constructed is ready for use at a moment’s 
notice, and will work for several days. 
The receiving circuit does not respond 
to the incident radiation unless a suitable 
E. M. F. acts on the circuit. The above 
simple method of adjusting the proper E. M. 
F will be found very simple and effective. 

When the Polariser and the Analyser 
are properly constmcted, and the two 
exactly crossed, no radiation can reach 
the sensitive surface, and the gal¬ 
vanometer will remain unaffected. The 
field is then said to be dark. Any slight 
rotation of either the Polariser or the 
Analyser partially restores the field, and 
the galvanometer spot of light then sweeps 
across the scale. 

Method of Experiment 

The spark gap of the Radiator is adjusted 
in a vertical line. The wires of the 
Polariser are horizontal, and the trans¬ 
mitted electric ray is plane-polarised, its 
plane of vibration being, vertical. The 
Analyser is now adjusted in a crossed 
position; on producing a flash of radiation 
by a single break of the primary, there 
is no effect on the galvanometer. The 
crystal to be examined is now interposed 
with its principal plane inclined at 45°C 
to the horizon. 

Rhombohedral system 

(1) Beryl. —The first piece experimented 


CURRENT SCIENCE, VOL. 70, NO. 2,25 JANUARY 1996 


177 






HISTORICAL COMMENTARY AND NOTES 


on was a large crystal of Beryl. It is a 
hexagonal prism with basal planes. The 
specimen examined has each face 11x5 
cm. The three axes lying in the same 
plane are inclined at 60° to each other, 
the fourth axis, which is also the optical 
axis, is at right angles to the plane con¬ 
taining the other three. The crystal w.is 
optically opaque. 

On interposing this block with its prin¬ 
cipal plane inclined at 45°, the gal¬ 
vanometer spot Hew off the scale. The 
crystal had thus produced the well-known 
depolarising action. The crystal was now 
turned round till its principal plane coin¬ 
cided with the vibration plane of the 
Polariser. There was now no action on 
the galvanometer. On continuing the rota¬ 
tion, the galvanometer at once responded. 
The spot became quiescent a second time, 
when the principal plane coincided with 
the plane of vibration of the Analyser. 

The crystal was now placed with its 
optical axis parallel to the direction of 
the incident ray. There was now no action 
on the galvanometer. Rotation of the crys¬ 
tal round this axis did not produce anv 
effect on the galvanometer. The field 
continued to be dark. 

The piece of Beryl used in the above 
experiment was unusually large. But in 
the following experiments the crystals 
were quite small. 

(2) Apatite .—In repeating the experiment 
with this crystal, strongly marked double 
refraction effect was exhibited. 

(3) Nemalite .—This is a fibrous variety 
of Brucite, silky in appearance. In its 


chemical composition it is a hydrate of 
magnesia. This specimen exhibited a very 
strong depolarisation effect with a thick¬ 
ness of less than one cm. 

Rhombic system 

Barytes .—A piece of this crystal was 
found to be strongly double-refracting. 

Triclinic system 

Microcline .—This is a greenish blue crys¬ 
tal of the double oblique type. It exhibited 
polarisation effect in a remarkable degree. 

Regular system 

Rock Salt .—A large piece of this crystal 
did not produce any effect. This is what 
was expected. 

Having satisfied myself of the fact that 
systems of crystals, other than regular, 
produce double refraction and consequent 
polarisation of the electrical ray, I tried 
the action of electric radiation on crystals 
ordinarily used in optical apparatus. 

I got a fairly large piece of black 
Tourmaline. On interposing this with its 
plane inclined at 45°, there was prompt 
movement of the spot of light. There was 
no galvanometric indication when the 
principal plane of the Tourmaline coin¬ 
cided with the vibration planes of either 
the Polariser or the Analyser. 

With ordinary light, a piece of Tour¬ 
maline of sufficient thickness absorbs the 


ordinary, but transmits the extraordinary 
ray. With the piece of Tourmaline used 
in the last experiment, I found both the 
rays transmitted, but, it seemed to me, 
with unequal intensities. In other words, 
one ray suffers greater absorption than 
the other. It seems probable that with 
greater thickness of crystal one ray would 
be completely absorbed. I found other 
crystals behaving more or less in the 
same way. I reserve for another com¬ 
munication particulars of experiments 
bearing on this subject. 

Lastly, I tried an experiment with a 
crystal of Iceland Spar taken out of a 
polarising apparatus. With this I got dis¬ 
tinct depolarising action. 

Summary .—Crystals which do not 
belong to the Regular System, polarise 
the electric ray just in the same way as 
they do a ray of ordinary light. Theoreti¬ 
cally, all crystals, with the exception of 
those belonging to the Regular System, 
ought to polarise light. But this could 
not hitherto be verified in the case of 
opaque crystals. There is now no such 
difficulty with the electric ray, for all 
crystals are transparent to it. As a matter 
of fact, all the above experiments, with 
one exception, were performed with 
specimens opaque to light, and it was an 
interesting phenomenon to observe the 
restoration of the extinguished electric 
radiation, itself invisible, by the interposi¬ 
tion of what appears to the eye to be a 
perfectly opaque block of crystal, between 
the crossed gratings. 


The rotation of plane of polarisation of electric waves by a twisted structure 


J. C. Bose 

In my previous papers I have given 
accounts of the double refraction and 
polarisation of electric waves produced 
by various crystals and other substances, 
and also by strained dielectrics. An 
account was there given of the polarisation 
apparatus with which the effects were 
studied. In the present investigation effects 
had to be studied which were exceedingly 
feeble. The apparatus had, therefore, to 
be made of extreme sensitiveness; but 
the secondary disturbances became at the 
same time more pronounced, and the 


Reprinted from Proc. R. Sac., Mar. 1898. 


great difficulty experienced was in avoid¬ 
ing them. 

In one of my communications I alluded 
to the fact that the secondary disturbances 
are to a great extent reduced when the 
radiators are made small. The advantage 
of a large radiator is the comparative 
ease with which the receiver can be adjus¬ 
ted to respond to the waves, but this 
advantage is more than counter-balanced 
by the increased difficulty with the stray 
radiation and other disturbances. On the 
other hand, with small radiators, the 
difficulty is in the proper adjustment of 
the receiver. It then becomes necessary 


to have very exact adjustments of the 
receiver, both as regards the pressure to 
which the sensitive spirals are subjected 
and the E. M. F. acting on the circuit. 
It is only after some practice that the 
peculiarity of each receiver is properly 
understood, when it becomes easy to 
make the necessary adjustments by which 
the receiver becomes quite certain in 
action. For various reasons the radiation 
emitted by small radiators are more 
favourable for ‘accurate work’. 

In order that the surface of the radiator 
should be little affected by the disin¬ 
tegrating action of the sparks, I use a 
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single spark for producing a flash of 
radiation. There used to be, however, 
some uncertainty from a discharge oc¬ 
casionally failing to be oscillatory. The 
cause of this uncertainty is ascribed to 
the deposit of dust on the sparking surface. 
For greater certainty of action some 
observers immerse the radiator in oil. The 
use of oil is under any circumstances 
troublesome. This is specially so in 
polarisation experiments, when the 
radiator has to be placed in different 
azimuths. I have for these reasons avoided 
the oil-immersion arrangement, and have 
tried to secure certainty of oscillatory 
discharge without this expedient. Atten¬ 
tion was specially paid to the coil and 
the primary break. A radiator has also 
been constructed which is found to be 
extremely efficient. It consists of two 
platinum beads, each 2 mm. in diameter, 
separated by 0.3 mm. spark-gap. There is 
no interposed third ball. This radiator, 
though kept exposed for days without 
any protecting cover, was yet found to 
give rise to a succession of effective 
discharges without a single failure. I even 
went so far as to pour a stream of dust 
on the radiator; in spite of this severe 
treatment, the sparks were found to be 
quite effective in giving rise to electric 
oscillation. 

The receiver, too, is perfectly certain 
in its action, and various degrees of sen¬ 
sitiveness may be given to it. In the 
following experiments, the sensitiveness 
had to be very greatly enhanced, and 
this, as alluded to above, was secured 
by proper adjustments. The secondary 
disturbances were got rid of by careful 
screening. But one serious difficulty was 
encountered at the very outset, in the 
failure of the polariser to produce com¬ 
plete polarisation. In my first experiments 


on polarisation (the receiver then used 
not having been very sensitive), polarisers 
made of wire gratings were found effec¬ 
tive. But in my later experiments with 
still more sensitive receivers, I found that, 
owing probably to the want of strict 
parallelism of the wires and the difficulty 
of exactly crossing the analyser and 
polariser, it was impossible to produce 
total extinction of the field. I then made 
a polariser and analyser by cutting parallel 
slits out of two square pieces of thick 
copper. When the square pieces were 
adjusted with coincident edges, the 
analyser and polariser were either exactly 
parallel or exactly crossed. This improve¬ 
ment enabled me to carry out successfully 
some of the more delicate experiments. 
In the present course of investigation the 
sensitiveness of the receiver had to be 
raised to a still higher degree, and it was 
found that the polariser hitherto found 
efficient failed to produce complete 
polarisation, so that even when the 
polariser and the analyser were exactly 
crossed the non-polarised portion of radia¬ 
tion was of sufficient intensity to produce 
strong action on the receiver. 

In the paper ‘On the Selective Con¬ 
ductivity exhibited by some Polarising 
Substances’ I described a book-form of 
polariser, when an ordinary book was 
shown to produce polarisation of the trans¬ 
mitted beam, the vibrations parallel to 
the pages being absorbed, and those at 
right angles transmitted in a polarised 
condition. The advantage of this form of 
polariser was that the extent to which 
the rays were polarised depends on the 
thickness of the polarising medium. The 
rays could thus be completely polarised 
by giving the medium a sufficient thick¬ 
ness, this thickness being determined by 
the intensity of the radiation used and 



Figure 1. Polarisation apparatus, B, the radiating 
box; P, the polariser; A, the analyser; S, S', the 
screens; R, the receiver. 


the sensitiveness of the receiver. The 
necessary thickness of the book-polariser 
can be materially decreased by making 
the book consist of alternate leaves of 
paper and tinfoil. The book was then 
strongly compressed, and blocks of 
suitable size cut out to form the polariser 
and the analyser. Each of these blocks 
is then enclosed in a brass cell, with two 
circular openings on opposite sides for 
the passage of radiation. The size of the 
polariser I use is 6x6 cm., with a thick¬ 
ness of 4.5 cm.; the aperture is 4 cm. in 
diameter. These polarising cells I find to 
be quite efficient; when two such cells 
are crossed, the field is completely 
extinguished. 

The diagram explains the general ar¬ 
rangement of the apparatus, mounted on 
an optical bench. The spark gap of the 
radiator is horizontal. The polariser, with 
the leaves vertical, is placed on a shelf 
attached to a screen of thick brass plate 
35 x 35 cm. In the centre of the plate 
there is a circular opening 4 cm. in 
diameter; this aperture may be varied by 
a series of diaphragms. There is a second 
similar screen with a shelf for the 
analyser, which is placed with the leaves 
horizontal. Behind the analyser is the 
receiver. 

In the space between the brass plates 
is placed the substance to be examined. 
Previous tests are made to see whether 
all disturbing causes have been removed. 
The sensitiveness of the receiver is 
occasionally tested by interposing one’s 
finger at 45° between the crossed polariser 
and analyser; this should, by partially 
restoring the field, produce strong action, 
provided the receiver is in a fairly sen¬ 
sitive condition. 

Care should be taken that there are no 
metallic masses between the screens, as 
reflection from metals is found to produce 
‘depolarisation’, the rays being then 
elliptically polarised. The substance to be 
examined should not, for very delicate 




Figure 2. Jute elements. 
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experiments, be held by the hand, owing 
to the disturbing action of the fingers. It 
is preferable to have the substances sup¬ 
ported on stirrups made of thin paper. 
The above are some of the main precau¬ 
tions to be taken in carrying out the 
following experiments, where the effects 
to be detected are very small and therefore 
likely to be masked unless all disturbing 
causes are carefully excluded. 

I have in a previous communication 
made mention of the double refracting 
property of fibrous substances like jute. 
The field is restored when a bundle of 
jute is placed at 45° between the crossed 
polariser and analyser. There is, however, 
no depolarisation effect when the axis of 
the bundle is parallel to the direction of 
the ray. 

I now took three similar bundles, A, 
B and C, of parallel fibres of jute 10 
cm. in length and 4.5 cm. in diameter. 
No change was made in the bundle A 
which was kept as’ a test one. The bundles 
B and C were then twisted, B in a 
right-handed direction and C in a 
left-handed direction. 

The interposition of the untwisted 
bundle A between the crossed polariser 
and analyser did not produce any effect, 
but strong action was produced in the 
receiver when the bundles, twisted to the 
right or to the left, were so interposed. 
It thus appeared as if the twisted structures 
produced an optical twist of the plane of 
polarisation. 

Further experiments to be described 
below may be of some interest in con¬ 
nection with the optical rotation produced 
by liquids. Here two different classes of 
phenomena may be distinguished: 

(1) The rotation induced by magnetic 
field; this rotation among other things is 
dependent on the direction and intensity 
of the magnetic field, and is doubled 
when the ray is reflected back. 

(2) The rotation produced by saccharine 
and other solutions, when the rotation is 
equal in all directions and simply propor¬ 
tional to the quantity of active substance 
traversed by the ray; the rotation in this 
case is neutralised when the ray is 
reflected back. 

The difficulties in the way of explaining 
rotation produced by liquids are sum¬ 
marised in the following extract: 

‘It is, perhaps, not surprising that crys¬ 
talline substances should, on account of 
some special molecular arrangement, pos¬ 


sess rotatory power, and affect the 
propagation of light within the mass in 
a manner depending on the direction of 
transmission. The loss of this power when 
the crystalline structure is destroyed, as 
when quartz is fused, is consequently an 
event which would be naturally expected, 
but the possession of it in all directions 
by fluids and solutions, in which there 
cannot be any special internal arrangement 
of the mass of the nature of a crystalline 
structure, is not a thing which one would 
have been led to expect beforehand. To 
Faraday it appeared to be a matter of no 
ordinary difficulty; it is just possible that 
the light, in traversing a solution in which 
the molecules are free to move may, on 
account of some peculiarity of structure, 
cause the molecules to take up some special 
arrangement, so that the fluid becomes as 
it were polarised by the transmission of 
the light, in a manner somewhat analogous 
to that in which a fluid dielectric is polarised 
in a fluid of electrostatic force.’* 

In order to imitate the rotation produced 
by liquids like sugar solutions, I made 
small elements or ‘molecules’ of twisted 
jute, of two varieties, one kind being 
twisted to the right (positive) and the 
other twisted to the left (negative). I now 
interposed a number of, say, the positive 
variety, end to end, between the crossed 
polariser and analyser; this produced a 
restoration of the field. The same was 
the case with the negative variety. I now 
mixed equal numbers of the two varieties, 
and there was now no restoration of the 
field, the rotation produced by one variety 
being counteracted by the opposite rota¬ 
tion produced by the other. 

To get complete neutralisation, it is 
necessary that the element should be of 
the same size, and that the two varieties 
should be twisted (in opposite directions) 
to the same amount. The experiment was 
repeated in the following order, to avoid 
any uncertainty due to the possible varia¬ 
tion of the sensitiveness of the receiver. 
The receiver is adjusted to a particular 
sensitiveness, and as long as.it is not 
disturbed by the action of radiation, the 
sensitiveness remains constant. A mixture 
of opposite elements is first interposed, 
the receiver continuing to remain unaf¬ 
fected. From the mixture of positive and 
negative varieties, one set, say the nega¬ 
tive, is now rapidly withdrawn, and an 
equal number of positive substituted. The 
receiver which has not been disturbed 


since its first adjustment is now found 
to respond,, all the elements conspiring 
to produce rotation in the same direction. 
It will be seen that the two experiments 
are carried out under identical conditions. 

In the above, we have electro-optic 
analogues of two varieties of sugar— 
dextrose and levulose. There is also the 
production of an apparently inactive 
variety by the mixture of two active ones.. 

It is to be noted that there is no polarity 
in the elements, in the sense we use the 
term in reference to, say, magnetic 
molecules. There is nothing to distinguish , 
one end of the jute element from the 
other end; indeed a right-handed element 
would appear right-handed when looked 
at from either end. It thus happens that 
if the rotation is determined by the direc¬ 
tion of the twist, two molecules of the 
same variety will always conspire whether 
they are arranged as ab, cd , or, to take 
the extreme case, as ab, dc (with the 
second molecule reversed). The assump¬ 
tion of any particular arrangement of 
molecules is thus not necessary in ex¬ 
plaining the rotation. The average effect 
produced by a large number of active 
elements interspersed in an inactive 
medium will thus be the same in all 
directions, and proportional to the number 
of molecule^ traversed by the ray. As 
' there is no polarity in the molecule , a 
right-handed element will always produce 
the same kind of rotation, say, to the 
right of an observer travelling with the 
ray. The rotation produced when the ray 
is reversed by reflection will thus be in 
an opposite direction, and the two rota¬ 
tions will neutralise each other. 

But if the molecules exhibit any 
polarity, that is to say, if the effects 
produced by the two ends of the same 
molecule are opposite, the resultant effect 
produced by a number of such molecules 
arranged in haphazard directions, will be 
zero. In order that the effects produced 
by the molecules may conspire, it is 
necessary that, they should take up- a 
special arrangement like the disposition 
of molecules in a magnetised rod. It is 
seen that in this case the rotations of the 
direct and the reflected rays are in the 
same direction, and the resultant rotation 
is therefore doubled. There is some anal¬ 
ogy between the action of such polarised 
molecules and of substances which, when 
placed in a magnetic field, rotate the 
plane of polarisation. 
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Relevance of values to science: The sublime and the 
ridiculous 


K. Srinivasa Rao 

Veiy few among us have the courage to 
set up our own standard of values and 
abide by it. 

Oscar Wilde 

In the last century, all branches of sci¬ 
ence were referred to as Natural Phi¬ 
losophy. During this century, science 
was broken up into main branches like: 
Mathematics, Physics, Chemistry and 
Biology and each branch further divided 
into different areas of specialization. A 
dictionary 1 meaning of Science reads: 
‘specifically natural science; the study 
and investigation of phenomena of ex¬ 
ternal nature, and the laws and princi¬ 
ples which determine these, as 
distinguished from, and in contrast to, 
those branches of knowledge which are 
concerned with man as an intellectual, 
ethical or social being.’ 

Astrology is not a sconce since it has 
not gone through rigorous stages of 
testing. In science, initially experimen¬ 
tal observations give a lead to an em¬ 
pirical law which would account for the 
data. A theory is then proposed which 
would fit all the known data and it 
would make predictions too. Then starts 
an exciting interplay between theory 
and experiment, which will both be 
improved upon, until a satisfactory state 
of understanding is reached. Only in 
pure mathematics, theorems developed 
and arrived at in the abstract have been 
applied decades later to explain natural 
phenomenon. 

Consider the evolution of physics to 
the status of an exact or pure science. 
Four centuries ago, the Danish astrono¬ 
mer, Tycho Brahe (1546-1601), re¬ 
corded the most comprehensive 
observations of the positions of heav¬ 
enly bodies, including the planets. His 
able assistant Johannes Kepler (1571— 
1630) analysed the data and proposed 
the laws of planetary motion: 

— Every planet moves around the Sun 
in an elliptic orbit with the Sun at 
one of its foci. 

l Based on a lecture given on 29th July 1995, 
in the Seminar on Value Education, con¬ 
ducted by the Hindu Senior Secondary 
School, Madras 600 020. 


- The radius vector from the Sun to a 
planet sweeps out equal areas in 
equal intervals of time. 

- The squares of the periods (T) of 
any two planets are proportional to 
the cubes of the semi-major axis a 
of their respective orbits; i.e. 

T 2 a 2 or T a m . 

These laws led Isaac Newton to his 
Universal law of gravitation - universal 
in the sense that the law which is valid 
on the Earth is equally valid on the 
Moon or any other planet. It was New¬ 
ton’s work which formed the foundation 
for the General Theory of Relativity of 
Albert Einstein, in 1915, which we re¬ 
quire when we deal with the cosmos, 
black holes, etc. This theory was vindi¬ 
cated on May 29, 1919, by the experi¬ 
ment of Arthur Eddington who 
measured the bending of light from a 
distant star by the gravitational pull of 
the Sun as observed on our planet on a 
total solar eclipse day. 

Even though a dictionary 1 look-up 
will reveal that by value is meant, 
‘worth that quality or property of any¬ 
thing which renders it desirable or use¬ 
ful’; or, ‘worth of anything as compared 
with that of other things’, the specific 
pluralistic usage, ‘values refers to rela- 
■ tive ethical standards. 

Pursuit of science is essentially a 
search for the eternal truth: ‘Analysing 
the characteristics of a healthy scientific 
community, Jacob Bronowski has stated 
that by the worldly standards of public 
life, members of such a community are 
oddly virtuous in their work. They do 
not make wild claims, they do not cheat, 
they do not try to persuade at any cost, 
they appeal neither to prejudice nor to 
authority, they are often frank about 
their ignorance, their disputes are fairly 
decorous, they do not confuse what is 
being argued with race, politics, sex or 
age, they listen patiently to the young 
and to the old. Independence and 
originality, dissent and freedom, and 
tolerance, are the first needs of science. 
Truth is the drive at the center of sci¬ 
ence. Only by these means can sci¬ 
ence pursue its steadfast object to 


explore truth. If these values did not 
exist, then the society of scientists 
would have to invent them to make the 
practice of science possible’, (quotation 
from A. S. Paintal 2 ) 

Such nobility in scientists, if univer¬ 
sally present, would obviate the neces¬ 
sity for seminars 3 on scientific values 
or, for that matter, the formation of a 
‘Society for scientific values’ to monitor 
scientists and the word ‘plagiarism — viz. 
act of plagiarizing (Plagiarize: ‘to adopt 
and reproduce as one’s own, to appropriate 
to one’s own use, and incorporate in one’s 
own work, without acknowledgement, the 
ideas of others, passages from their writing 
etc.) - and acrimonious exchanges on pri¬ 
orities in scientific discoveries would be 
unheard of. 

The sublime 

Srinivasa Ramanujan (1887-1920), 
hailed as an all-time great mathemati¬ 
cian, like Euler, Gauss or Jacobi, for his 
natural genius, has left behind 4000 
original theorems, despite his lack of 
formal education and a short life-span 
(of 32 years, 4 months and 4 days). In 
his formative years, after having failed 
in his First examination in Arts (F. A.), 
Ramanujan ran from pillar to post in 
search of a benefactor. It is during this 
period, 1903-1914, that he kept a rec¬ 
ord of the final results of his original 
research work in the form of entries in 
two large-sized note books. These were 
the ones which he showed to everyone 
who mattered and eventually convinced 
them of his abilities as a mathematician. 
The orchestrated efforts of his admirers, 
culminated in the encouragement he 
received from G. H. Hardy of Trinity 
College, Cambridge, whose warm re¬ 
sponse to the historic letter of Ramanu¬ 
jan which contained about 100 
theorems, resulted in inducing the Ma¬ 
dras University, to rise to the occasion 
thrice - first in offering him a research 
scholarship in May 1913; then in offer¬ 
ing him a scholarship and financial sup¬ 
port to go to England in 1914; and 


CURRENT SCIENCE, VOL. 70, NO. 2, 25 JANUARY 1996 


181 



GENERALIA 


finally, by granting him an allowance, in 
April 1919, soon after his triumphant 
return from Cambridge ‘with a scientific 
standing and reputation such as no 
Indian has enjoyed before’. 

That science is truly international and 
knows no boundaries is well exempli¬ 
fied in the case of Ramanujan: he was 
awarded in 1916 the B.A. degree by 
research of the Cambridge University; 
was elected a Fellow of the Royal Soci¬ 
ety of London in February 1918; was 
elected to a Trinity College Fellowship, 
in October 1918; the Collected Papers 
of Ramanujan were edited by G. H. 
Hardy, P. V. Seshu Aiyer and B. M. 
Wilson and published by Cambridge 
University Press in 1927; his ‘Lost’ 
Notebook was discovered in 1976 by 
George Andrews; his bust, sculpted by 
Paul Granlund, was commissioned by R. 
Askey, S. Chandrasekhar, G. E. An¬ 
drews, Bruce C. Berndt and more than 
one hundred scientists; his Note Books 
were edited in a series of five volumes 
by Bruce C. Berndt 4 , devoting attention 
to each of the three to four thousand 
theorems; and Robert Kanigel was 
commissioned to write a delightfully 
readable biography entitled 5 , The Man 
Who Knew Infinity: A Life of the Genius 
Ramanujan . 

The integrity of Ramanujan is trans¬ 
parent from the following statement of 
Hardy: All of Ramanujan’s manuscripts 
passed through my hands, and I edited 
them very carefully for publication. The 
earlier ones I wrote completely. I had no 
share of any kind in the results, except 
of course when I was actually a collabo¬ 
rator, or when explicit acknowledge¬ 
ment was made. Ramanujan was almost 
absurdly scrupulous in his desire to 
acknowledge the slightest help. During 
his five year stay in Cambridge, he pub¬ 
lished 21 papers, five of which were in 
collaboration with Hardy. Though Ra¬ 
manujan took his Notebooks with him, 
he had no time to delve deep into them. 
He was ailing after about two years’ 
stay in England and in India after his 
return from England (March 1919- 
April 26, 1920) but he never wrote to 
Hardy about his illness. The only letter 
he wrote to Hardy, from India, after his 
return, in January 1920, contained in¬ 
formation about his latest work: ‘I dis¬ 
covered very interesting functions 
recently which I call “Mock” theta- 
functions. Unlike the “false” theta- 


functions (studied partially by Rogers in 
his interesting paper) they enter into 
mathematics as beautifully as ordinary 
theta-functions. I am sending you with 
this letter some examples ...’. The 600 
theorems he jotted down on loose sheets 
of papers, during his ‘deathly ill’ period 
in India, are the contents of the ‘Lost’ 
Notebook. Richard Askey observes: 
‘Try to imagine the quality of Ramanu¬ 
jan’s mind, one which drove him to 
work unceasingly while deathly ill, and 
one great enough to grow deeper while 
his body became, weaker. I stand in awe 
of his accomplishments; understanding 
is beyond me. We would admire any 
mathematician whose life’s work was 
half of what Ramanujan found in the 
last year of his life while he was dying.’ 

Arnold Sommerfeld who headed a 
Dynasty of Nobel Prize winners visited 
the Presidency College, Madras, in 
1928. His lecture on the new physics 
(Quantum Mechanics) and Fermi-Dirac 
statistics was an eye-opener for young 
S. Chandrasekhar who was then a teen- 
aged student. Two years later, on his 
passage to Cambridge, Chandrasekhar 
started working on what happens to a 
star in the final stages of its evolution. 
Fowler assumed the core of a star to be 
a non-relativistic, degenerate Fermi 
(electron) gas and that white dwarf 
stars - viz. stars in which the thermo¬ 
nuclear reactions had ceased became 
faint planet-sized remnants known as 
white dwarfs-did not collapse due to 
the (outward) degeneracy pressure of 
the electrons. Chandrasekhar studied 
this problem in great detail, taking rela¬ 
tivistic effects into account and from the 
equation of state for a relativistic de¬ 
generate Fermi (electron) gas, he de¬ 
rived the dramatic result that stars with 
a mass greater than 1.44 times the solar 
mass, would eventually collapse past the 
white dwarf stage into an object of 
enormous density and speculated the 
existence of extremely dense neutron 
stars and black holes, discovered many 
years later. This limiting mass (1.44 
times the solar mass) is called the 
Chandrasekhar limit today. 

Chandrasekhar’s confidence however 
had to-confront the established authority 
of Arthur Eddington. (See, the biogra¬ 
phy of Chandra by Kameshwar Wali 6 
and the extremely well-written book for 
the physics student: Chandrasekhar and 
his Limit by G. Venkataraman 7 .) When 


Chandrasekhar wanted to present his 
results before the Royal Astronomical 
Society in London, Eddington arranged 
for a 30-min presentation, instead of the 
customary 15 min, on January 11, 1915 
but scheduled for himself a talk too. 
After Chandrasekhar’s presentation, 
Eddington opined that ‘there should be 
a law of Nature to prevent a star from 
behaving in this absurd way’. He liter¬ 
ally tore Chandrasekhar’s work to 
shreds with jokes and rhetoric and ridi¬ 
culed the result. Soon, Chandrasekhar’s 
work was appreciated by his peers - 
Niels Bohr, Pauli, Fowler, Wilson and 
Rosenfeld. Chandrasekhar took a deci¬ 
sion to ignore the raging controversy 
after writing a book on the subject. In 
his book An Introduction to the Study of 
Stellar Structure (1939), he asserts: 
‘Since the theory is a straightforward 
consequence of the quantum mechanics 
and, further, uses Dirac’s theory of the 
electron only in that phase of its appli¬ 
cation which has been confirmed by 
laboratory experiments (Klein-Nishina 
formula, production ’of cosmic ray 
showers, etc.), there can be little doubt 
that it is essentially correct.’ 

In 1939, at a Paris Conference on 
White Dwarfs and Supernovae, 
Chandrasekhar got an opportunity to 
state openly that Eddington was wrong. 
This historical controversy hindered the 
progress of research on neutron stars 
and the collapse of stars for 3 to 4 dec¬ 
ades. By the 1950s hundreds of white 
dwarf stars whose measured masses fall 
neatly on the now famous Mass-Radius 
relationship curve predicted by him 
were observed. No white dwarf star has 
been found with a mass greater than 
1.44 times the solar mass. In October 
1982, on the occasion of Eddington’s 
birth centenary, Chandrasekhar was 
invited by the Cambridge University to 
deliver a series of lectures. In two lec¬ 
tures 8 which are great classic master¬ 
pieces, Chandrasekhar shows how a 
scientist can be totally objective in his 
assessment of the scientific works of 
Eddington - the astrophysicist who 
could be considered Chandrasekhar’s 
greatest scientific ‘adversary’. There 
was never any rancour between Edding¬ 
ton and Chandrasekhar despite the con¬ 
troversy! Eventually, Chandrasekhar 
was awarded the Nobel Prize in Physics 
in 1983 (along with William A. Fowler), 
more than 50 years after his discovery, 
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and the announcement was made on 19 
October 1983, his 73rd birthday 
(coincidentally?!). 

The third example I wish to present is 
the one regarding priorities. Robert E. 
Marshak visited India, in 1953, and a 
young student prepared the Notes for 
his lectures at the Tata Institute of Fun¬ 
damental Research, Bombay. Impressed 
not only by the notes but by the mastery 
over tensor analysis of E. C. George 
Sudarshan, Marshak took him to Roch¬ 
ester University and suggested to him 
the study of weak interactions. A care¬ 
ful, systematic analysis of the experi¬ 
mental data led Sudarshan to propose 
the Universal (V-A) theory of weak 
interactions 9 and boldly suggest that 
four of the experiments, from reputed 
centers, be repeated since they did not 
conform to his theory. 

Marshak had already established the 
tradition of the Rochester (High Energy 
Physics) Conferences - important an¬ 
nual international meetings of physi¬ 
cists. In 1957, due to his commitment 
not to use the (Seventh) Rochester 
Conference as a platform, to project the 
work of himself and his group and con¬ 
sidering his work on two nucleon inter¬ 
action using the Signell-Marshak 
potential deserved the pride of place, he 
relegated the work on weak interactions 
to the background. A few months later, 
when Marshak was Consultant to the 
Rand Corporation in California, he in¬ 
vited Sudarshan to a luncheon meeting 
with Murray Gell-Mann. At that meet¬ 
ing, Sudarshan explained to Gell-Mann 
their detailed analysis of the V-A theory 
of weak interactions. Subsequently, 
Gell-Mann contacted Richard Feynman, 
then in Brazil, by ham radio and to¬ 
gether they worked out the two- 
component Klein-Gordon derivation of 
the theory of weak interactions and sent 
it to the Physical Review for publica¬ 
tion. Meanwhile, at a Conference in 
Padua-Venice, in Italy, Marshak pre¬ 
sented their work on V-A theory. Once 
again, due to the high standards and 
values in science to which Marshak 
conformed, he did not think it appro¬ 
priate to publish the work in a regular 
journal also. However, due to peer pres¬ 
sure, Sudarshan and Marshak submitted 
a short note to the Physical Review on 
‘Chirality Invariance and the Universal 
Fermi Interaction’. Unfortunately, it 
was treated by most physicists as the 


sole publication of Sudarshan and Mar¬ 
shak on their V-A theory. While this 
appeared in the Physical Review (1958, 
109, 1860-1862) the Feynman and 
Gell-Mann paper entitled, ‘Theory of 
the Fermi Interaction’, appeared ahead 
in the same volume on pp. 193-198. 
Recognition came to Sudarshan for his 
role in this masterpiece of creative re¬ 
search work, when the four experimen¬ 
tal groups re-did their experiments and 
one-by-one came up with corrected re¬ 
sults which confirmed the V-A theory. 
However, the question of priority of the 
discovery remained unsettled. 

In the 1974 Neutrino Conference, 
Feynman said: ‘We have a conventional 
theory of weak interactions invented by 
Marshak and Sudarshan, published by 
Feynman and Gell-Mann, and com¬ 
pleted by Cabbibo. I call it the conven¬ 
tional theory of weak interactions the 
one which is described “as the V-A 
theory”. Both Marshak and Sudarshan 
grew in stature and won many awards 
and had distinguished academic careers. 
On the occasion of the 60th birthday 
celebrations of George Sudarshan, at the 
University of Texas at Austin, in Octo¬ 
ber 1991, Marshak gave a lecture enti¬ 
tled, ‘The Pain and Joy of a Major 
Scientific Discovery’. In it, he deline¬ 
ated and placed in proper perspective 
the work of his with Sudarshan and 
regarding the three instances detailed 
above, he had the courage to say: ‘Well, 
George I have recounted the three 
“cardinal blunders” that your well- 
intentioned professor committed in the 
aftermath of your fundamental scientific 
discovery. I do express my deep regrets 
for the pain caused by these decisions 
on my part during the hectic year 1957— 
58. I sincerely hope that the recital of 
these miscalculations on the occasion 
your 60th birthday (16 September 1991) 
celebration and your forgiveness of 
them, will purge your soul (and mine) of 
the pain associated with the V-A theory 
and enable you to remember with undi¬ 
luted joy the triumphs of the V-A the¬ 
ory.’ Anyone would recognize this 
disclosure by Marshak as an act which 
befits a Mahatma! 

So far, I have dealt with three in¬ 
stances to illustrate that a passionate 
love of the subject transcends all hard¬ 
ships; that mathematical ‘beauty is truth 
and truth beauty’ and its pursuit will 
lead to ‘triumph’ in the end; and that 


many lessons can be learnt from great 
scientists regarding integrity and the 
values which ought to be upheld, tran¬ 
scending petty jealousies and distor¬ 
tions, which abound in our world. 

The ridiculous 

While one need not be cautious about 
praise for the sublime, it is not possible 
to throw caution to the winds in talking 
about those who perpetrate the ridicu¬ 
lous, for fear that to uphold their (lack 
of) ‘integrity’ they will go to any extent, 
revel in rhetoric and jejune polemics 
and drag the honest into the quagmire of 
litigation. So, let me put to practice 
extreme caution in the use of language 
to describe a few examples of the ridicu¬ 
lous. 

First we revert to the story of Ra¬ 
manujan: G. H. Hardy, in 1923 edited 
Chapter XII of Ramanujan’s second 
Notebook on Hypergeometric series 
which contained 47 main theorems, 
many of them followed by a number of 
corollaries and particular cases. This 
work had taken him 3-4 months and he 
felt that if he were to edit the entire 
Notebooks ‘it will take the whole of my 
lifetime. I cannot do my own work. This 
would not be proper.’ He urged Indian 
authorities and G. N. Watson and B. M. 
Wilson to edit the Notebooks. Unfortu¬ 
nately, the premature death of Wilson, 
in 1935, at the age of 38, aborted this 
effort. In 1957, the Tata Institute of 
Fundamental Research published a fac¬ 
simile edition of the Notebooks of Ra¬ 
manujan in two volumes, with just an 
introductory para about them. The for¬ 
midable task of truly editing the Note¬ 
books was taken up by Bruce C. Berndt 
of the University of Illinois and his 
dedicated efforts, since May 1977, has 
resulted in the Ramanujan Notebooks: 
Part I-V published by Springer-Verlag 
(1985 onwards, see ref. 4). The ques¬ 
tions which ought to strike us are: Why 
has no concerted effort been made in 
India to edit the Notebooks of Srinivasa 
Ramanujan? Why even a bust of Ramanu¬ 
jan was not commissioned (till 1992, in 
India)? Why there does not exist, even 
today , a fitting memorial (like a National 
Science Museum) to house his Notebooks, 
the large-sized slate used by him, his let¬ 
ters and other memorabilia? Is this how we 
honour one acclaimed as the greatest 
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mathematician of India? Contrast this with 
what we have done for many of our politi¬ 
cians and communal leaders for their 
‘achievements’! 

Paul Dirac chose for the title of his 
lecture, in Moscow, in 1955: ‘Physical 
laws should have mathematical beauty’. 
A professor of physics at an IIT, 
often asserted that he could teach phys¬ 
ics without resorting to any mathemat¬ 
ics! 

Some international journals have sev¬ 
eral Associate Editors, each one a spe¬ 
cialist belonging to a branch/area of 
importance to the journal. The contribu¬ 
tors are directed to send their research 
papers to the concerned (Associate) 
Editor who is expected to referee the 
paper and communicate it, if found suit¬ 
able, for publication. As an Editor of 
the Astrophysical Journal , S. 
Chandrasekhar refereed thousands of 
papers but seldom chose this journal for 
publishing his own research work. 
Contrast this with cases in our country 
where the responsibility of an Associate 
Editorship of an international journal is 
often used only to communicate ones 
own papers. 

Sometimes, editors of our journals 
take up considerable space with their 
own papers. A few favoured authors are 
also the ones whose articles get pub¬ 
lished regularly. Ironically, an editor as 
the main speaker on Scientific Values in 
Education and Research in Science, at a 
Seminar 3 , states: ‘Even journals are 
being controlled by power groups so 


that sometimes even for getting your 
paper published, your must find favour 
with some power group.’! 

Finally, I would like to touch upon 
the question of internal assessments, 
particularly of the teachers. In the 
American Universities, a salary raise or 
a promotion is not automatic but is 
merit-oriented. The teacher evaluation 
by the students, in vogue in those Uni¬ 
versities, provides an important input to 
assess the merit of the teacher. In our 
country, even after almost five decades 
of independence, it is only in the IITs 
that such teacher evaluation by the stu¬ 
dents is implemented. However, there 
are some who try to influence this pro¬ 
cedure by devious and coercive meth¬ 
ods. The worst incident, reported in a 
campus newspaper, revealed the case of 
a head of a Department, who coming to 
know of the negative assessments of his 
performance by his students, made the 
students re-do the questionnaires and 
sneaked them in place of the originals! 
Taking note of the exposure in the cam¬ 
pus newspaper, the Director ordered 
enquires to be made by the heads of 
Departments. The offender also con¬ 
vened a meeting and none of his col¬ 
leagues had the courage to confront 
him with the truth. The meeting, like 
all others, ended with a resolution con¬ 
demning the act and urging that no 
stone be unturned to find the culprit! 


1. Universal Dictionary of the English 
Language, Wordsworth Edition, 1989. 


2. Opening Remarks, A. S. Paintal, ref. 4 
below. 

3. Scientific Values and Excellence in Sci¬ 
ence, Proceedings of a Seminar held at 
the Indian National Science Academy, 
New Delhi, on April 18, 1989 and pub¬ 
lished by the Society for Scientific Val¬ 
ues, New Delhi, 1990. 

4. Ramanujan Notebooks: Parts I-V, Bruce 
C. Berndt, Springer-Verlag, 1985* 1989, 

1991, 1994 and to appear. 

5. The Man Who Knew Infinity: A Life of 
the Genius Ramanujan, Robert Kanigel, 
Scribners, 1991, Indian paperback edi¬ 
tion, Rupa and Co., 1993. 

6. Chandra , Kameshwar Wali, Penguin 
Books India, New Delhi, 1990. 

7. Chandrasekhar and his Limit, 
G. Venkataraman, University Press 

1992. 

8. Arthur Stanley Eddington Centenary 
lectures: ‘Eddington: The Most Distin¬ 
guished Astrophysicist of His Time’; and 
‘Eddington: The Expositor and the Expo¬ 
nent of General Relativity’, by S. 
Chandrasekhar. These are reprinted in 
Chapter 6 of Truth and Beauty, S. 
Chandrasekhar, Penguin Books, 1987, on 
pages 93 and 110, respectively. 

9. Thanks to S. Ramaseshan in an issue of 
Curr. Sci ., 1992, vol. 63, all the articles 
regarding this heart-warming episode are 
reprinted - viz. the lecture of R. E. Mar¬ 
shak on the occasion of Sudarshan’s 60th 
Birthday, the original Padua-Venice con¬ 
ference paper of Sudarshan and Marshak, 
as well as their note in the Physical Re¬ 
view, and the paper of Feynman and Gell- 
Mann. 


K. Srinivasa Rao is in the Institute of 
Mathematical Sciences, Madras 600 113, 
India. 
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PROFESSOR S. R. PALIT MEMORIAL AWARD - 1997 


Nominations are invited for the award of Professor Santi Ranjan Palit Memorial Award for 
the year 1997. 

The award of Rs. 10,000/- value is instituted in the year 1985 in memory of late 
Professor Santi Ranjan Palit, a distinguished physical chemist and pioneer in Polymer 
Science who served Indian Association for the Cultivation of Science as a Professor of 
Physical Chemistry during 1947-1976. The award is given biennially by the Indian 
Association for the Cultivation of Science (IACS) to distinguished scientists for outstanding 
research contribution made in India during the ten years preceding the year of the award in 
the fields of Physical Chemistry and/or Polymer Science. 

Nominations may be submitted by Vice-Chancellors of Universities; Deans of Science, 
Engineering and Technology faculties of Universities, Institutes; Directors of NTs and 
similar other institutions such as lISc, Bangalore; Directors of National, CSIR and 
Government laboratories; Heads of R&D organizations that are engaged in research in 
Physical Chemistry and/or Polymer Science; Presidents/Chairmen/Directors of INSA, 
ISRO, ONGC, BARG, TIFR, etc.; Presidents/Chief Executives of Registered Scientific 
Societies and the previous Palit awardees. Each such nomination shall be accompanied by 
a biodata of the nominee along with a list of publication, highlights of the work carried out 
by the nominee and a critical assessment report (not more than 500 words) highlighting the 
importance and significance of the research contribution made by the nominee during the 
ten years preceding the year of the prize. Each nomination must be accompanied by a 
reprint, each of not more than 5 key publications of the nominee and a declaration/ 
certificate that the work has been carried out in India. 

The nominations signed by the sponsors should be marked confidential and sent by 
Registered A. D. post to the Director, Indian Association for the Cultivation of Science, 
Calcutta 700 032 latest by 30th June 1996. 


Prof. D. Chakrabarthy, 
Director, 

Indian Association for the Cultivation of Science, 

Calcutta 700 032. 
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CENTRAL ELECTROCHEMICAL RESEARCH INSTITUTE 

(Council of Scientific & Industrial Research) 

KARAIKUDI 630 006 

ADVERTISEMENT NO. RECTT-1/96 

Applications in the prescribed form are invited for the following posts in the Central Electrochemical 
Research Institute, Karaikudi. 

a. CURRENT VACANCIES 

I. SCIENTIST El/Gr IV(3): One post 

Scale of pay. Rs. 3700-125-4700-150-5000. 

Essential Qualifications (EQ): I Class M.Sc. (Chemistry/Physics) with 65% marks; OR 
I Class B.E./B. Tech (Chemical Engineering/Electrochemical Engineering) with 65% marks; OR 
recognised equivalent qualifications with 65% marks and 7 years’ experience, OR 
M.E./M. Tech. (Chemistry/Chemical Engineering) with 5 years' experience; OR 
Ph.D. (Chemistry/Physics) with 4 years’ experience; OR 
Ph. D. (Engg) with 3 years’ experience. 

Note: If no candidate is found fit for the post, the candidates may be considered for the lower post in 
Grade IV(2) [Rs 3000-4500] if otherwise found suitable. 

Job Description (JD): To assist the team of Scientists/Technologists engaged in marketing 
technologies and to strengthen the interface between the Institute and user agencies/ 
industries/entrepreneurs with a view to enhancing commercialisation of CECRI products/processes. 
Persons possessing MBA or equivalent PG Diploma in management with specialisation in marketing 
will be preferred. 

Age: Not exceeding 40 years (45 years for SC/ST; 43 years for OBC). 

II. SCIENTIST C/Gr IV (2): One post 
Scaie of pay: Rs 3000-100-3500-125-4500. 

EQ: First class M.Sc (Chemistry/Physics/Solid State Chemistry/Solid State Physics/Polymer 
Science/Materials Science) with 65% marks; OR 

B. Tech (Chemical/Electrochemical Engineering) with 65% marks; OR 

B. E. (Mech Engg) with 65% marks; OR 

equivalent recognised qualification with 65% marks and 4 years’ experience; OR 

M. Tech (Chemical Engineering/Materials Science)/M. E. (Chem Engg/Mech Engg) with 2 years’ 
experience; OR 
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Ph D (Science) with 1 year experience OR 
Ph D(Engg) 

JD: To assist the team of Scientists/Technologists in various projects in the field of Batteries and 
Fuel Cells. 

Age: Not exceeding 35 years (40 years for SC/ST; 38 years for OBC). 

III. SCIENTIST B/Gr IV(1): Nine posts (SC-2; ST-2; OBC-2; UR-3) 

Scale of pay: Rs 2200-75-2800-EB-100-4000. 

EQ: I Class M Sc. (Physics/Chemistry/Industrial Chemistry/Applied Sciences/Materials Science/ 
Botany/Marine Biology) with 65% marks OR 

I Class B. E. or B. Tech (Electrical and Electronics/Mechanical/Civil/Chemical/Electrochemical 
Engineering) with 65% marks OR 

recognised equivalent qualifications with 65% marks OR 

M.E./M. Tech in Applied Electronics/Materials Science or Technology/Chemical Engineering OR 
Ph.D (Science). 

JD: To assist the team of Scientists/Technologists in various projects relating to one or more of the 
following: 

Polymer-based coatings, Corrosion monitoring, Radiographic examination of concrete structures and 
bridges, Biocorrosion; Design and development of Electronic instrumentation for corrosion control 
and other electrochemical applications; Design, assembly and testing of batteries; Surface 
characterisation of plating, Corrosion products and battery components; Computer-based analytical 
instrumentation and software development, instrumental analysis; Electrochemical sensors and 
devices; Projects on electrohydro/pyro metallurgy; Production of electrochemicals and 
Electrochemical materials Science. 

Age: Not exceeding 35 years (40 years for SC/ST; 38 years for OBC) 

IV. FULL TIME MEDICAL OFFICER/Gr 111(5): One post 

Scale of pay: Rs 3000-100-3500-125-4500 plus Non Practising Allowance which is Rs 850/- at the 
minimum of the scale. 

EQ: I Class MBBS with 5 years’ experience OR 

MD (General Medicine)/MS (General Surgery) with six months’ work experience. 

JD: To render medical assistance to the staff and members of their families and to organise the 
existing dispensary/hospital and effect improvements. 

Age: Not exceeding 40 years (45 years for SC/ST; 43 years for OBC) 
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V. TECHNICAL OFFICER/Gr 111(4): One post 


Scale of pay: Rs 2200-75-2800-EB-100-4000. 

EQ: I Class B.Sc. (Physics/Chemistry/Industrial Chemistry) with 8 years’ experience OR 
M. Sc. (Physics/Chemistry) OR 

B.E./B. Tech (Chemical/Electrochemical Engineering) OR 

equivalent qualification with minimum of 55% marks and 6 years’ experience. 

JD: To assist the team of Scientists/Technologists in projects relating to Corrosion, to carry out 
Radiographic studies and to take care of the safety aspects. 

Age: Not exceeding 35 years (40 years for SC/ST; 38 years for OBC). 

VI. HINDI OFFICER: One post (Reserved for SC) 

Scale of pay: Rs 2000-60-2300-EB-75-3200-100-3500. 


Essential Qualifications & Experience 

Qualifications: 

Master’s Degree of a recognised University or equivalent in Hindi with English as a subject at the 
degree level; OR 

Master’s Degree of a recognised University or equivalent in English with Hindi as a subject at the 
degree level; OR 

Master’s Degree of a recognised University or equivalent in any subject with Hindi and English as 
subjects at the degree level; OR 

Master’s Degree of a recognised University or equivalent in any subject with English medium and 
Hindi as a subject at the degree level; OR 

Master’s Degree of a recognised University or equivalent in any subject with Hindi medium and 
English as a subject at the degree level. 

Experience: 5 years’ experience of terminological work in Hindi and/or translation work from English 
to Hindi or vice-versa preferably of technical or Scientific Literature; OR 5 years’ experience of 
teaching, research, writing or journalism in Hindi. 


Desirable: 

i) Knowledge of Sanskrit/or a modern Indian Language 

ii) Administrative experience 

iii) Experience of organising Hindi Classes or workshops for noting and drafting. 
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Job Requirements: 

The Hindi Officer will be responsible for ensuring compliance with the Official Language Policy of the 
Central Government in accordance with the Official Language Act, 1963 as amended from time to 
time and rules & orders issued by the Central Government in this regard. 

Age: Not exceeding 40 years. 


VII. SECURITY-CUM-ESTATE OFFICER: One post 
Scale of pay: Rs 2000-60-2300-EB-75-3200-100-3500. 

Qualifications & Experience: 

Essential: 

Graduate from a recognised University or recognised equivalent qualification with 5 years’ 
experience in security work in a Govt/Public Sector/Private Sector/R&D Organisation. Should be 
conversant with modern methods of industrial/laboratory security, fire prevention and control and 
handling of fire arms. 

Should also act as Estate Officer/handle estate duties. 

Desirable: PG qualification in Law, Industrial Safety and exposure to intelligence network. 
Proficiency in Hindi and Regional Language. Preference will be given to Commissioned Officers/Ex- 
Servicemen. 

Job requirements 

To be responsible for the security of the Institute and its estates with the associated watch & ward 
functions, including fire fighting, handling of visitors, etc. Should liaise with appropriate Govt 
Agencies. Should be prepared to work round-the-clock if the situation so warrants. 

Age: 35 years (40 years for SC/ST; 38 years for OBC) 

Relaxable as per rules for released Commissioned Officers/Ex-Servicemen/SC/ST and for persons 
with experience in similar duties. 

VIII. SENIOR STENOGRAPHER: One post (Reserved for SC) 

Scale of pay: Rs 1 640-60-2600-EB-75-2900. 

Qualification & Experience: 

A University Degree and minimum speed of 120 words per minute in Shorthand (English) and 40 
words per minute in English Typewriting. 

Selection will be made on the basis of competitive test in General English and proficiency test in 
Shorthand and Typewriting. 

Age: Not exceeding 33 years. 
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IX. JUNIOR COST ACCOUNTANT: One post (Reserved for OBC) 

Scale of pay: Rs 1400-40-1800-EB-50-2300. 

Qualifications & Experience 

1 

, B Com. from a recognised University with costing and accounts as one of the subjects. Minimum 3 to 
4 years’ experience in costing and project accounting in Government or Quasi Government/R&D 
Organisation or a firm of repute connected with production. 

Age: 31 years. 


b. BACKLOG RESERVED VACANCY 

TECHNICAL ASSISTANT/GR 111(1): One post (Reserved for ST but SC can also apply) 

Scale of pay: Rs 1400-40-1800-EB-50-2300. 

EQ: I class B.Sc. (Botany) or I Class Diploma in Horticulture/Agriculture Engineering of 3 years’ full 
time duration or its equivalent. 

Age: Not exceeding 33 years. 


c. RESEARCH ASSOCIATES 

No. of positions: FIVE (may vary). 

Essential Qualifications: Ph D in Faculty of Science, ME/M. Tech, in Chemical Engineering/ 
Metallurgy with 3 years’ experience in research/teaching/design and development in electrochemical 
science and technology. 

Job Description: To associate with the Scientists working in any of the following fields of 
electrochemistry: 

1. Corrosion Science & Technology 

2. Batteries & Fuel Cells 

3. Electrochemicals 

4. Electrochemical Materials Science 

5. Electrometallurgy 

6. Electronics and Electrocatalysis 

7. Industrial Metal Finishing 

8. Electrochemical Electronics & Instrumentation 

Age: Not exceeding 35 years, relaxable up to 5 years in the case of applicants belonging to SC/ST, 
Women and Physically Handicapped. 

Emoluments: At an appropriate stage in any of the following slabs plus House Rent Allowance as per 
rules, if accommodation is not provided. 

i) Rs 2800-100-3300 

ii) Rs 3300-100-3800 

iii) Rs 3750-125-4375 

iv) Rs 4325-125-4700-150-5000 
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Tenure: Initially for a period of 2 years, extendable for a period not exceeding 3 years. 

Applications in the following format with a recent passport size photograph affixed thereon together 
with a crossed Indian Postal Order foe Rs 25/- (Rupees twenty five only) drawn in favour of the 
Director, Central Electrochemical Research Institute, Karaikudi - 630 006, Tamil Nadu, not later than 
29.02.1996. 


Format of Application 


APPLICATION FOR THE POSITION OF RESEARCH ASSOCIATE IN THE CENTRAL 
ELECTROCHEMICAL RESEARCH INSTITUTE, KARAIKUDI 


Details of : 

Postal : Space for Photograph 

Order enclosed : 


1. Name (in block letters) 

2. Father’s name 

3. Address for communication 

4. Permanent address 

5. Nationality 

6. Date and place of birth 

7. Indicate whether belonging to SC/ST 
or Physically Handicapped, and 
enclose proof. 

8. Education (enclose attested copies 
of certificates and indicate 
percentage of marks) 

9. Experience, if any (enclose proof) 

10. List of publications 

11. Particulars of close relatives, if any, 
working in CECRI. 

12. Any other information such as 
references 


Signature of the applicant 
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GENERAL CONDITIONS 


1. Prescribed application form (except for the position of Research Associate) is obtainable from 
the Office of the Controller of Administration, Central Electrochemical Research Institute, 
Karaikudi - 630 006, Tamil Nadu, up to 13.02.1996 by sending a self-addressed envelope of 
23 x 10 cm size bearing postage stamp of Rs 2/-. 

2. Applicants for the position of Research Associates need apply in the prescribed format given in 
the Advertisement only. 

3. Applications complete in all respects together with a Crossed Indian Postal Order for Rs 25/- 
drawn in favour of the Director, CECRI, Karaikudi, should reach the Director, CECRI, 
Karaikudi - 630 006 not later than 29.02.1996. Candidates applying for more posts than one 
should submit separate application for each post along with prescribed application fee, 
specifying the post applied for. 

4. Scheduled Caste/Scheduled Tribe candidates are exempted from payment of application fee. 

5. The maximum age prescribed shall be reckoned as on 29.02.1996. 

6. Period of experience in the requisite discipline/area of work shall be counted with effect from 
the data of acquiring the prescribed minimum qualification. 

7. Mere fulfilling the minimum advertised requirements does not automatically entitle an applicant 
to be called for examination/interview. The applications will be shortlisted for examination/ 
interview and the decision of the Institute will be final in this matter. 

8. The posts are temporary and carry usual allowances as admissible under the Central 
Government Rules (except for Research Associates). 

9. Appointments to posts in Group IV will be on contract for a period of six years in the first 
instance. 

10. Applications from candidates working in Government Departments, Public Sector Undertakings 
and Autonomous Organisations will be considered only if forwarded through proper channel 
and with a clear certificate that the applicant will be relieved within one month of receipt of the 
appointment order. 

11. Relaxation in age, qualification and/or experience may be allowed only in the case of 
exceptionally meritorious candidates with the prior approval of the Competent Authority in 
respect of posts in Group IV and Group III. 

12. Candidates called for test/interview will be eligible for Second Class return rail fare by the 
shortest route. 

13. Other things being equal, consideration would be given to candidates with proven excellence in 
sports. 

14. Applications incomplete in any respect or received after the due date are liable to be rejected. 

15. Canvassing in any form and/or bringing in any influence, political or otherwise, will be treated 
as a disqualification for the post. 

16. « Interim enquiries will not be attended to. 
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In this issue 


Water-soluble phosphines 

The chemistry of water-soluble 
ligands and their transition metal 
complexes has witnessed rapid 
growth in recent years and several 
of these compounds have been 
investigated for their use as catalysts 
for industrial processes and for 
biomedical applications. This inter¬ 
disciplinary field of aqueous organo- 
metallic chemistry promises to usher 
in technologies which would involve 
the use of benign aqueous medium 
for industrial chemical processes, 
thereby overcoming the problems of 
toxicity inherent in the use of organic 
solvents. K. V. Katti (page 219) 
summarizes the work carried out by 
his group on a new generation of 
water-soluble phosphines and their 
transition metal complexes with 
emphasis on their potential applica¬ 
tions in the development of radio¬ 
pharmaceuticals. 

S. S. Krishnamurthy 


Renin-angiotensin system: 
growing complexity 

The control of hypertension (high 
blood pressure) has been one of the 
major success stories in the develop¬ 
ment of drugs based on a detailed 
molecular understanding of the bio¬ 
chemical processes involved. Cap- 
topril and its close relatives were 
based on the premise that inhibition 
of angiotensin-converting enzyme 
(ACE) would prevent production of 
the octapeptide angiotensin-II, which 


indeed is an important mediator of 
cardiac hypertropy. In the biochemi¬ 
cal cascade that results in angioten¬ 
sin-II, two enzymes, renin and ACE 
act in succession. The renin-angio¬ 
tensin system then maintains blood 
pressure by controlling the concentra¬ 
tion of circulating octapeptide, an- 
giotensin-H Is angiotensin generated 
only in circulation or is there a 
mechanism for its production in 
peripheral tissues? The existence of 
a distinct renin-angiotensin system 
within the central nervous system is 
supported by an increasing number 
of investigations as detailed in the 
review by Reddy and Chopra on 
page 226. Clearly, the widespread 
use of ACE inhibitors should stimu¬ 
late many more studies of the com¬ 
plex physiology and pharmacology 
of the renin-angiotensin system. 

P. Balaram 


We have to learn chemistry- 
the language of insects 

Insects and flowering plants have a 
65 million year history of co-evolu¬ 
tion that has sometimes been mutu¬ 
ally beneficial and at other times 
been extremely hostile. The long time 
involved has given plants plenty of 
opportunities to deal with insects that 
have the potential of being a menace. 
A particularly sophisticated example 
of plant strategies to deal with un¬ 
wanted insects is the recent discovery 
that plants will respond to insect 
attack- by releasing a chemical that 
attracts the natural enemies of the 
attackers (which are also insects) to 


the site so that the two kinds of 
insects can battle each other and 
provide some relief to the plants. 

Humans also have a great deal of 
problem with insects, particularly 
with insect pests of agricultural crops. 
However, our attempts to deal with 
insects pests have a barely hundred- 
year-old history. It is not surprising 
that we are far from scoring many 
major victories in our battles with 
insects. One of the serious handicaps 
we have in dealing with insects is 
that they largely use a chemical lan¬ 
guage. Insects find favourable hosts 
and avoid unfavourable ones by 
tracking the chemicals produced by 
the plants themselves. Insects also 
engage in a multitude of interactions 
among themselves by producing a 
plethora of chemicals collectively 
designated as infochemicals. 

It is very unlikely that we will be 
able to deal with insect pests of 
agricultural crops without a sound 
grasp of the chemistry and physio¬ 
logy of insect-plant interactions. Un¬ 
fortunately these are likely to vary 
a great deal from case to case. There 
is therefore no choice before us but 
to undertake extensive basic research 
in this area and accumulate very 
detailed descriptions of the chemical 
and physiological basis of insect- 
plant and insect-insect interactions. 
The article by T. N. Ananthakrish- 
nan (page 215) begins to tell us how 
fascinating the findings of such re¬ 
search are likely to be, but at the 
same time it also tells us how long 
and complex the task before us is. 


Raghavendra Gadagkar 
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CORRESPONDENCE 


Scientific (con)fusion! 


Recent historic event of total solar eclipse, 
on 24 October 1995, witnessed an un¬ 
precedented response from public, espe¬ 
cially in the areas like Neem Ka Thana, 
Iwaratganj, Bhind and Diamond Harbour 
where the population is still far from the 
so-called metro-elite. 

What was disappointing during the 
whole saga was varied versions of scien¬ 
tists and others made public through 
popular media on ‘how to look at the 
eclipse’? I glanced through many 
newspaper advertisements cautioning the 
public not to look at it under any cir¬ 
cumstance. To quote one such example— 
Directorate General of Health Services 
(Ophthalmology section) at New Delhi, 
categorically warned, ‘Do not look at it, 


directly or through any filters or dark 
glasses not even its reflection in water’, 
(Hindustan Times , 23 October 1995). A 
similar decree was promulgated in Hindi 
and English through the DD national 
hookup by the Department of Health 
cautioning public not to see the eclipse 
at all. On the contrary, scientists kept on 
saying that looking at the eclipse through 
the specially designed filters (reducing 
radiations up to 1 lakh times) was safe. 
Kits to this effect were also distributed 
by Vigyan Prasar, c/o Department of 
Science & Technology, New Delhi. Some 
scientists in their interviews, while con¬ 
demning the superstition associated with 
it, went on saying that eclipse can be 
seen with naked eyes with some excep¬ 


tions (?). One national daily reported that 
public in the Indian science city (Ban¬ 
galore) stayed indoors till the event was 
over. 

This was the first public exposure of 
scientific community through popular 
media and such discrepancies coupled 
with faulty/unprofessional live telecast 
(flooded with ads, wrong camera position¬ 
ing, etc.) of the event marked the poor 
scientific communication in our country. 

Rajendra Dob hal 

M. P. Council of Science & Technology, 
26, Arera Hills, Kisan Bhawan 
(Science Block), 

Bhopal 462 004, India 


Physical chemistry teaching 


There are very few students who are 
studying physical chemistry in India, par¬ 
ticularly in western India. I would like 
to stress that in almost all universities in 
western India, there is probably no student 
in physical chemistry who has opted for 
the subject willingly. Only 3-4% of 
chemistry students are studying physical 
chemistry in Gujarat. The same unfor¬ 
tunate situation prevails in Rajasthan. In 
MP also the number of physical chemistry 
students is not more than 6%. The situa¬ 
tion in Maharashtra is also no exception. 
In the rest of the country the situation 
seems to be similar as evolves after a 
series of discussions with various teachers. 
There seems to be an idea floating around 
which indicates that physical chemistry 
is theoretical chemistry and hence has no 
relevance to Industry. This seems to be 


the opinion of employers, students and 
also of some chemistry teachers. Hence 
I would like to request them to think the 
matter over and for the sake of chemical 
education and industry in India, to begin 
working in changing this unfortunate per¬ 
ception. 

Physical chemistry is probably the 
grammar of chemistry. Thermodynamics 
which deals with the heat change in any 
chemical reaction is certainly the back¬ 
bone of any industrial process. Catalysis, 
irreversible thermodynamics, polymer 
properties, interface chemistry, deter¬ 
gency, electrochemistry are all parts of 
physical chemistry and are part and parcel 
of our industrial life. These are taught 
up to the postgraduate level in any univer¬ 
sity of India. A large amount of research 
in this country is done on these topics. 


Hence I believe that without good physical 
chemists around, the teaching and research 
in chemistry will suffer which will have 
a cascading effect on the chemical in¬ 
dustry in India. Spectroscopy, the back¬ 
bone of today’s chemical sciences, is also 
a part of physical chemistry and is taught 
in detail. My personal opinion is that a 
good physical chemist is versatile and 
can handle many different types of job. 
I hope the academicians and employers 
will think of this matter with the serious¬ 
ness that it deserves and the reversal of 
an unfortunate trend will occur. 

A. K. Rakshit 

Chemistry Department, 

Faculty of Science, 

M. S. University of Baroda, 

Baroda 390 002, India 
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The Himalayan fossil fraud and its aftermath 


The Vaffaire V. J. Gupta has taken a 
queer turn. Despite national and interna¬ 
tional protests from scientists, academics 
and scientific societies and also indictment 
by no less a person than Justice M. S. 
Gujral, Chief Justice (Retd.), Sikkim High 
Court, appointed by the Panjab University 
Syndicate to enquire into various allega¬ 
tions against Gupta, the Panjab University 
has let him go with a mild censure which 
amounts to a blatant disregard of ethical 
values. Gupta continues to ‘guide’ the 
students of Panjab University and 
desecrate the chair in the Geology Depart¬ 
ment of the University, unmindful of the 
national and international furore. The team 
from Geological Survey of India, after a 
visit -to some of the sites, documented 
its findings and published the same in 
the Indian Minerals -the organ of the 
GSI, clearly proving the falsification of 
facts attempted by Gupta. The Society 


for Scientific Values, the Teachers’ 
Association of Panjab University, the 
Geological Society of India and the 
national newspapers have insisted, in the 
interest of scientific values and integrity 
of scientific community, that action should 
be initiated against Gupta. It is amazing 
that the Panjab University has chosen to 
ignore all the scientific and legal opinions. 
To cap it all, the University has now 
turned its uncalled-for attention on some 
of the co-authors who had shown courage 
of conviction to speak the truth about 
Gupta’s fraudulent researches. The Gujral 
Commission of enquiry did not find any 
of the co-authors guilty of any malprac¬ 
tice. However, the Panjab University has 
chosen to punish A. D. Ahluwalia of the 
Geology Department. Such a victimization 
of a courageous co-author should be 
checked or else, in future, no one with 
conscience will come forward to speak 


Vedic mathematics 

The review of the two books on Ancient 
Indian Mathematics by C. S. Yogananda 
(Curr. ScL, 1995, 69, 702-703) is in bad 
taste. The reviewer, more than comment¬ 
ing on the contents of the books, shows 
interest in announcing that he is in the 
bandwagon of critics of Vedic Mathe¬ 
matics of Bharati Krishna Tirtha and in 
musing how mathematics should have 
been developed in India in post-Greek 
period. As regards the term ‘Vedic’ in 
the title of his book the Tirtha himself 
has given an explanation citing the words 
like Ayurveda, Dhanurveda, etc. Again, 
the absence of the ideas of Vedic Mathe¬ 
matics in the sources with which the 
reviewer is acquainted (many of us are 
not even aware of what exists in the 
oriental libraries and the traditional 
households in India and have neither the 
interest nor the competence to study them) 
does not mean that the ideas are/were 
not in a parisista of Atharva Veda as 
claimed by the Tirtha. Jhunjhunwala of 
Indian Institute of Technology, Madras, 
has pointed out in one of his publications 
that a carpenter was aware of and used 


one of the sutras of the Tirtha to point 
out that a tradition was there, which 
presumably started from the Atharva 
Veda. The basic assumption that the 
printed texts available now of the Vedas 
is complete is again questionable. Several 
ancient and medieval works in Tamil, for 
instance, which are mentioned in later 
works now available, have been lost. 

Yogananda and many other mathe¬ 
maticians seem to have their own view 
of what is mathematics. Mathematics, 
from its history, is a means of quantifica¬ 
tion. Quantification leads to computation. 
Conceptual ideas like measure, homeo- 
morphism, etc. are abstractions of quan¬ 
tification. The part of mathematics which 
Yogananda and others hail as great also 
wants invariant quantifiers: Betti numbers, 
class numbers, etc. It was no surprise 
that ancient and medieval Indians con¬ 
centrated on computation. Most of modem 
mathematics started from other branches 
based on utility. For instance, Fourier 
analysis. Thereafter to pass their own 
time with what they were capable of, 
mathematicians have abstracted the ideas. 


the truth and the scientific community 
will be anaesthetized. It is time the Indian 
scientists wake up and act. They should 
not allow themselves to be the butt of 
international ridicule and contempt. It is 
time a concerted action is initiated against 
Panjab University, by boycotting its exa¬ 
minations, meetings and any academic 
contact until it acts on Justice Gujral 
Commission findings and other scientific 
investigations against Gupta. It is neces¬ 
sary in the interest of fair play and 
scientific truth to protect Gupta’s co¬ 
authors from victimization. 

S. V. Srikantia 

Secretary, Geological Society of India, 
A-201, LJshas Apartments , 

26, 16th Main Road, 

Jayanagar IV Block, 

Bangalore 560 011, India 


However, a mathematician who does 
abstract differential geometry wants to 
highlight the importance of his topic (not 
their results!) by telling the world that 
physicists use their subject. In fact, if 
the Indians had been original and con¬ 
tinued the work of their ancestors with 
their own originality, Indian mathe¬ 
maticians would have challenged the su¬ 
percomputer and would have used fuzzy 
logic everywhere making the entire world 
look in amazement. Tinkering with 
western ideas and building empires has 
been the sole capability of Indian scien¬ 
tists! 

The reviewer betrays his ignorance In 
many of his statements. Yuktibhdsa , a 
work of Jyestadeva, contains arguments 
establishing results which are acceptable 
to keen students like D. T. Whiteside 
(the reliable editor of Isaac Newton’s 
mathematical papers). Is this not deductive 
logic? That n is irrational was^ succinctly 
stated by Nilakanta in his Aryabhatiya 
bhasyam : There will never be commen- 
surability for both the diameter and cir¬ 
cumference. Irrationality was known 
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even during Sulvasutra period. Ideas of 
Calculus (ejg. d(sin0) = cos0 d0) are 
germane in Aryabhata’s work. 

What is wrong in calling Pell’s equation 
as Brahmagupta-Bhaskara equation if the 
latter have considered these equations ear¬ 
lier to Pell? 

It is too much to say that the popularity 
of Vedic mathematics would endanger 
mathematics education. Introduction of 
abstraction in mathematics right from un¬ 
dergraduate level has already killed the 
subject. It has even been pushed to school 
level with disastrous consequences. Al¬ 
most all students, research scholars, 
teachers and researchers can reel off 
definitions and theorems but can never 
construct an example. Mathematics is no 
more enjoyable as it was found 30, 40 
years ago. On the other hand, children 
do find the algorithms of Vedic mathe¬ 
matics highly enjoyable. They are able 
to work with them with ease. Which is 
dangerous: Memory-oriented learning of 
mathematics without concrete examples 
or computation with joy? We wish that 
mathematicians would desist from talking 
about what they do not know and assess 
whether they are capable of making what 
they deem as important, enjoyable and 
useful. 


Finally, T. S. Bhanu Murthy certainly 
realized that the algorithms of the Tirtha 
could be mathematically justified while 
the reviewer speaks about the Tirtha’s 
work without looking into what it is. Let 
scientists of the country become respon¬ 
sible to the nation and to its youngsters 
whose future they would spoil other¬ 
wise. 


M. S. Rangachari 


The Ramanujan Institute for 
Advanced Study in Mathematics, 
University of Madras, University Buildings, 
Chepauk, Madras 600 005, India 


C. S. Yogananda replies: 


I stand by my comments regarding Vedic 
Mathematics of Sri Bharati Krishna Tirtha. 
My fear of possible negative influence 
of Vedic Mathematics on education stems 


_ CORRESPONDENCE 

from the claims made in that book, and 
also by its propagandists. 

It is ridiculous to equate mathematics 
with algorithms to facilitate computation. 
Rangachari’s statement that Tn fact, if 
the Indians had been original and con¬ 
tinued the work of their ancestors with 
their own originality, Indian mathe¬ 
maticians would . have challenged the 
supercomputer. .. making the entire 
world look in amazement’ is the height 
of naivety. Mathematics is much more 
than mere computation. For instance, no 
supercomputer could have ever made the 
Ramanujan Conjecture or, even less so, 
proved it! 

If, as he says, mathematics is no more 
enjoyable as it was found 30 or 40 years 
ago, the mistake does not lie with math¬ 
ematics! Exciting things are always hap¬ 
pening in mathematics. What better 
example than the recent proof of Fermat’s 
Last Theoreml 

C. S. Yogananda 

NBHM (DAE), 

Department of Mathematics, 

Indian Institute of Science, 

Bangalore 560 012, India 


RESEARCH NEWS 


Crucial role of the landscape ‘matrix’ in determining 
biodiversity within fragmented habitats 


Neelkamal Rastogi 

Extensive urban and agricultural develop¬ 
ments have caused major changes in the 
landscape patterns. Human activities in 
the form of commercial and industrial 
enterprises, construction of residential 
complexes and network of roads have 
brought about fragmentation of natural 
landcover types, such as forests or grass¬ 
lands. Although all natural landscapes can 
be considered as mosaics since they are 
composed of discrete bounded patches of 
biotic and abiotic structure, human-caused 
ecological disturbances have played a par¬ 
ticularly prominent role in altering the 


landscape patterns. All landscapes are 
characterized by a predominant con¬ 
tinuous cover type which acts as a ‘matrix’ 
in which other patch types appear. For 
instance in human-dominated landscapes, 
forest patches may be embedded in a 
‘matrix’ of farm fields or human settle¬ 
ments. 

In the mid-1980s, Larry Harris, an eco¬ 
logist at Florida State University publish¬ 
ed The Fragmented Forest , an influential 
book which argued that human settle¬ 
ments, especially the roads accompanying 
it, split natural areas into small isolated 


pieces which in turn led to ecological 
impoverishment 1 . In view of the detrimen¬ 
tal effect of habitat fragmentation on bio¬ 
logical diversity, ecologists in various 
parts of the world are trying to prevent 
fragmentation of threatened habitats 1,2 . 
However, till now it was not exactly 
clear how the fragmented landscape affec¬ 
ted biological diversity. Recent experi¬ 
mental results clearly demonstrate the 
crucial role of the landscape ‘matrix’ 
variables in explaining variation in bio¬ 
diversity within protected but fragmented 
habitats 3,4 . Between 1949 and 1987 a 
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severe decline in the abundance and diver¬ 
sity of forest birds was noted in a Oak 
forest at a nature reserve in New Jersey, 
USA 5 . Similar population decline was 
also observed at eight other sites in eastern 
USA 5 . One feature common to all these 
sites was their isolation in relatively small 
patches of forests surrounded by a 
‘matrix’ of residential areas or farmland. 
This dramatic decline in forest birds was 
not found in forests larger than 100 hec¬ 
tares 5,6 . Robinson and coworkers 3 have 
recently demonstrated that the decline of 
the forest birds was due to the adverse 
effects of forest fragmentation on the 
nesting success of these birds. Fieldwork 
showed that small fragmented forests are 
an unfavourable environment for nesting 
because of loss of eggs and nestlings to 
predators, such as racoons and feral cats 
and due to parasitism by cowbirds. An 
important conclusion that emerges from 
their study is that small forests are un¬ 
favourable for nesting not because of the 
habitat characteristics of the forest itself 
but because of the features of the sur¬ 
rounding landscape or the ‘matrix’. If the 
‘matrix’ has few nest predators or cow- 
birds, then nesting success will be similar 
for large and small forests. On the other 
hand, if the features of the ‘matrix’ are 
such that attract cowbirds, racoons or 
feral cats, then nesting success will be 
low. Robinson and coworkers determined 
nest predation and brood parasitism in 
nine different landscapes ranging from 
90% agricultural to more than 90% 
forested. They showed that in landscapes 


fragmented by agricultural fields, levels 
of nest predation and brood parasitism 
were so high that population of forest 
birds in such areas is population ‘sink’, 
where reproduction is too low to sustain 
population. Areas with large forests have 
low rates of predation and parasitism and 
therefore serve as population ‘sources’ 
which may provide surplus birds to frag¬ 
mented areas. 

In fact, the influence of the ‘matrix’ 
can occasionally even override the nega¬ 
tive impact of fragmentation. This is seen 
from the results of the experiments carried 
out in the Biological Dynamics of Forest 
Fragment Project (BDFFP) near Manaus, 
Brazil 4 . The findings from this 10-year 
long study conducted in the Brazilian 
Amazon, presented by Mandy Tocher of 
the University of Canterbury in Christ¬ 
church, New Zealand, at the meeting of 
the Biological Society of America, at 
Snowbird Utah, USA, (30 July through 
3 August 1995) surprised the ecologists 
since it showed that frogs actually became 
more diverse after patches of forests were 
isolated. However, results of other BDFFP 
experiments showed that there was a well- 
marked decline in diversity in birds, bees, 
wasps and beetles after isolation of forest 
patches. The crucial role of the ‘matrix’ 
and its interaction with the ecology of 
different species is considered to be the 
most important finding of these experi¬ 
ments. It is suspected that the land outside 
(pastures, farmland and secondary growth) 
was permeable to frogs so that isolated 
fragments were not really fragments as 


far as frogs were concerned. Thus it 
appears that in fragmented habitats, the 
characteristic features of the landscape 
‘matrix’ may be friendly for the species 
inside the patches, such as those permit¬ 
ting migration of keystone species, or 
may be hostile, if they promote predators 
and parasites of the species inhabiting 
the fragmented habitats. 

In view of growing awareness regarding 
environmental issues and the realization 
that conservation measures should be 
focused on threatened habitat types and 
not just on individual species types 2 , this 
is an important finding. If protected habi¬ 
tats are sliced by roads, human settle¬ 
ments, etc., the result will be fragmented 
patches of the habitat where conservation 
still may not work if the patches are too 
small and the landscape ‘matrix’ features 
do not favour the species living within 
the reserve. 


1. Mann, C. C., Science , 1995, 269, 318-320. 

2. Williams, N., Science , 1995, 269, 320-322. 

3. Robinson, S. K., Thompson, F. R. III., 
Donovan, T. M., Whitehead, D. R. and 
Faaborg, J., Science , 1995, 267, 1987-1990. 

4. Culotta, E., Science , 1995, 269, 1045-1046. 

5. Askins, R. A., Lynch, J. F., Greenberg, R., 
in Current Ornithology (ed. Power, D. M.), 
Plenum, New York, 1990, vol. 7, pp. 1-57. 

6. Robinson, S. K. and Wilcove, D. S., Bird 
Conserv. Int ., 1994, 4, 233-238. 
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Variability in miniplasmids of Xanthomonas campestris 
pv. malvacearum 

Xanthomonas campestris pv. mal¬ 
vacearum (Xcm ) is one of the most impor¬ 
tant bacterial pathogens causing, on an 
average, yield loss of 20-30% on 
tetraploid cotton in India. Widespread 
occurrence of several highly vimlent races 
of the pathogen, in this subcontinent, has 
thrown several cultivars out of cultiva¬ 
tion 1 . Primary infection of seedling 
originating from internal seed infection 


is a significant factor in disease epidemio¬ 
logy 2 . Detection and rapid identification 
of seed-borne inoculum is necessary to 
develop need-based management prac¬ 
tices. The importance of this has become 
more evident with the increased interna¬ 
tional movement of germplasm and com¬ 
mercial seed in recent years. The 
traditional techniques for detection of 
pathogen are accurate but too slow and 


generally cannot be applied on a large 
scale. Recently, plasmid-based detection 
methods (PCR, DNA-hybridization) are 
gaining importance as these are not only 
rapid but also very sensitive (can detect 
as less as ten bacteria in infected seed) 3 " 6 . 
Xcm contain plasmids 7,8 , and patho¬ 
genicity of the most virulent race-32 
(neutralizes five blight resistant genes or 
5-genes) was lost in plasmid-cured 
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strains 8 . In the present study plasmid 
profiles of different races of Xcm were 
determined in order to identify the com¬ 
mon plasmids which, in future, could be 
used as probes for detection of the 
pathogen. 

Four highly virulent races of Xcm, viz. 
race-32, race-31, race-30 and race-26 were 
used for plasmid profile studies. Plasmids 
were isolated by the methods of Birnboim 
and Doly 9 , with a slight modification in 
two steps, viz. a different medium 
(nutrient broth) and an additional step 
(washing of cells with 2% NaCl solution). 
NaCl was necessary for clearing the exo¬ 
polysaccharide of the bacterial cells. 
Agarose (highly purified, EEO: 0.15-0.20, 
gelling temperature 40-42°C; SRL Pvt 


Ltd, Bombay) gel (0.7%) prepared in 
Tris-acetate EDTA buffer was used for 
electrophoretic separation of plasmid 
DNA and DNA-marker (1 kb DNA ladder; 
GIBCO BRL 5615 SA). Kilobase length 
(kb) of plasmid was calculated by com¬ 
paring with the mobility of the DNA 
markers. 

Eight different plasmids of 60, 40, 10, 
8.5, 5.5, 4, 3.7 and 2.5 kb were identified 
from 62 isolates of Xcm, representing 
four races (Table 1). Race-32, race-31 
(Figure 1) and race-26 (Figure 2) con¬ 
tained five plasmids each while race-30 
(Figure 1) contained only four plasmids. 
Two large plasmids of 60 kb and 40 kb 
were uniformly present in all the 62 
isolates. The frequency distribution of 


Table 1. Plasmids in some highly virulent races of Xanthomonas 
campestris pv. malvacearum 




Plasmids present 


5-genes 

Xcm 


(size 

in kb) 


neutralized 

Race-32 

60, 

40, 

10, 

4, 2.5 

b 2> 

B 4 , B 7 , B ln , B n 

Race-31 

60, 

40, 

10, 

3.7, 2.5 

b 2 . 

®7» ®ln* 

Race-30 

60, 

40, 

10, 

3.7 

b 2 . 

B 4 , B ln , B N 

Race-26 

60, 

40, 

8.5, 

5.5, 3.7 

b 2 , 

B, n , B N 




Figure 1. Plasmid profiles (undigested) of Xcm race-31 (lane a), 
race-32 (lanes b and c) and race-30 (lanes d and e). Race-31 and 
race-32 contain five plasmids each and race-30 contains four 
plasmids. The diffused band (Chro) equal to 20 kb represents 
sheared host chromosome. Lane m, 1 kb DNA ladder. 



Figure 2. Plasmid profiles (undigested) of 
Xcm race-26. All the,isolates (lanes a, b, c 
and d) contain five plasmids uniformly. Lane 
m, 1 kb DNA ladder. 



Figure 3. FccRI restriction pattern of the 3.7 
kb plasmid of different races of Xcm. Lane a, 
race-26; lane b, race-30; lane c, race-31 and 
lane d, undigested plasmid of 3.7 kb (control). 
Lane m, 1 kb DNA ladder- 


other plasmids was 64% (10 kb), 37% 
(8.5 kb), 35% (5.5 kb), 23% (4 kb), 77% 
(3.7 kb) and 43% (2.5 kb), indicating 
highly variable occurrence of the mini¬ 
plasmids. A miniplasmid (3.7 kb) of wide 
occurrence (in 77% isolates) was selected 
from different races for further 'charcteri- 
zation. Complete digestion of the 3.7 kb 
plasmid from four strains of Xcm (Xcm- 
202, Xcm- 239, Xcm-297 and Xcm-306) 
was done by EcoRl. In all these four 
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strains, the 3.7 kb plasmid was similarly 
restricted producing two restriction frag¬ 
ments (4.5 kb and 5.5 kb) (Figure 3) in 
each indicating two EcoRI sites. This 
widely present miniplasmid (3.7 kb), if 
further characterized, might be helpful in 
developing genetic tools for plasmid- 
based detection 10,11 of this pathogen. 


1. Verma, J. P., Bacterial Blight of Cotton , 
CRC Press, Florida, USA, 1986,* pp. 278. 

2. Brinkerhoff, L. A. and Hunter, R. E., 
Phytopathology , 1963, 53, 1397-1401. 

3. Hartung, J. S., Daniel, J. F. and Pruvost, 
0. P., Appl Environ . Microbiol ., 1993, 59, 
1143-1148. 

4. Rasmussen, O. F. and Wulf, B. S., Proceed¬ 


ings of the 4th International Workshop on 
Group Pseudomonas syringae Pathovars, 
Universita do Firenze, Florence, 1991, pp. 
369-376. 

5. Reeves, J. C., Rasmussen, O. F. and 
Simpkins, S. A., Proceedings of the 8th 
ICPPB, INRA, ORSTOM, Paris, 1994, pp. 
383-393. 

6. Verma, J. P., Varma, A. and Kumar, D. 
(eds), Detection of Plant Pathogen and 
their Management, Angkor, New Delhi, 
1995, pp. 476. 

7. Lazo, G. R. and Gabriel, D. W., 
Phytopathology , 1987, 77, 448-453. 

8. Sathyanarayana, N. and Verma, J. P., Indian 
Phytopathol , 1993, 46, 165-166. 

9. Bimboim, H. C. and Doly, J., Nucleic Acid 
Res., 1979, 7, 1613-1623. 

10. Bereswill, S., Belleman, P., Zeller, W. and 


Geider, K .,Appl. Environ. Microbiol, '1992, 
58, 3522-3526. 

11. Falkenstein, H., Belkemann, P., Walter, S., 
Zeller, W. and Geider, K., Appl. Environ . 
Microbiol., 1988, 54, 2798-2802. 

ACKNOWLEDGEMENTS. We thank Prof. 
Anupam Varma and Dr V. G. Malathi for 
critical discussion and their kind help. 


I. K. Das 
J. P. Verma 

Division of Plant Pathology, 

Indian Agricultural Research Institute , 
New Delhi 110 012, India' 


Efficient regeneration of Taxus baccata by a non-hormonal 
chemical treatment 


The Himalayan yew, Taxus baccata, is 
the only source of taxol, the anticancer 
drug in India. A very small number of 
this tree are found in the forests in Jagesh- 
war area of Almora district situated at 
an altitude of about 1800 m. The Taxus 
plants are growing in association with 
dominant Cedrus deodara forest without 
interfering with each other. Large scale 
cutting, looping and stamping has brought 
the Taxus at the verge of extinction in 
this area of Kumaun Himalaya. The 
growth of the tree is very slow and has 
a long seed dormancy period. Propagation 
of the plant occurs through seeds and 
not through vegetative means in natural 
conditions. Formation of taxol in cell 
suspension cultures requires a long in¬ 
cubation period and which, therefore, can¬ 
not compete with commercial field 
propagation of Taxus sp. 1 . An embryo 
culture method to develop seedlings has 
been described with very little success 2 . 
Several factors have been studied to in¬ 
duce rooting in cuttings of Taxus sp. and 
it was observed that a rooting hormone 
IBA was usually only effective in 
increasing the speed of rooting 3 . Here we 
describe a* non-hormonal chemical treat¬ 
ment to induce rooting in cuttings of the 
Himalayan yew. 


Apical cuttings of 10-15 cm length of 
T. baccata were brought in sterile 
polythene bags from the Jageshwar forest 
area in December 1994. The cuttings 
were dipped in 2% non-hormonal chemi¬ 
cal for 24 h and planted in polythene 
bags containing soil with 50% decom¬ 
posed oak leaves, 25% cow-dung manure 
and 25% garden soil. These planted bags 
were kept in shade for 10 days and then 
were placed in the open. The atmospheric 
temperature of the place ranged between 
- 4° and 25°C during the period of experi¬ 
ment. The Taxus cuttings experienced a 
heavy snow-fall in the second week of 
January 1995 and remained covered com¬ 
pletely for 10 days under the snow. For 
three months till March, the cuttings con¬ 
tinued to survive but remained dormant. 
In April, however, the apical dormant 
buds started enlarging and gradually grew 
into a branch of about 10 cm during the 
subsequent three months. The base of the 
cuttings under soil exhibited callus for¬ 
mation which increased in size with time. 
When the size of the callus reached about 
9 mm, root (5 cm long) formation was 
observed. The rate of survival and 
regeneration of the cuttings was 70%. 

These findings emphasize the impor¬ 
tance of propagating Taxus through cut¬ 


tings by non-hormonal chemical treatment 
easily. This investigation may help 
increase Taxus population for periodic 
harvesting of twigs and needles to meet 
the taxol requirements as well as in saving 
the Himalayan yew from exploitation and 
extinction. 
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Carotid labyrinth, a constant blood pressure regulator of the 
cerebro-retinal blood flow of catfishes —An SEM study of the 
corrosion vascular replica 


The fish carotid labyrinth owes its name 
to the tortuous vessels originating from 
the common carotid and its branches and 
is characteristic of catfish cephalic cir¬ 
culation 1,2 . Such structures are also com¬ 
mon in higher vertebrates. The chemo- 
receptors of the carotid labyrinth of 
amphibians and the carotid bodies of 
birds and mammals are sensitive to 
hypoxia, hypercapnia and acidosis of the 
blood perfusing through these sensory 
structures’ 1 . However, the functional sig¬ 
nificance of the carotid labyrinth is not 
well understood 4,5 . Here we report the 
functional significance of the tortuous 
blood vessels of the catfish carotid 
labyrinth with special reference to its role 
in cerebro-retinal blood-pressure regulation. 

A live specimen of Chaca chaca (65 g), 
collected from the swamp near Pumia 
(north Bihar, India), was anaesthetized in 
(40 mg/1) MS 222 (ethyl-m-aminoben- 
zoate) and its ventral aorta was cannulated 
via the exposed bulbous aorta. The entire 
vasculature was flushed with heparinized 
phosphate-buffered Ringer’s solution. 
Methyl-methacrylate (mercox) was in¬ 
fused at 25-30 mm Hg pressure until the 
resin polymerized 2 . The mercox-perfused 
fish was immersed in warm (50°C) water 
for about an hour to ensure complete 
polymerization. The fish was treated with 
20% NaOH, distilled water and HN0 3 to 
obtain a tissue-free vascular replica. The 
carotid labyrinth angio-replica was 
processed and examined under P SEM- 
500 at RSIC, Bose Institute, Calcutta. 

From the scanning electron micrographs 
of the carotid angio-replica it is evident 
that a group of blood vessels of varied 
dimensions originate from the common 
carotid and ramify over it. Each blood 
vessel divides and redivides to take a 
tortuous route before giving rise to the 
ophthalmic artery to the eye ball of its 
side (Figure 1 a , b). It is interesting to 
discover a capillary network in association 
with the tortuous blood vessels of the 
carotid labyrinth (Figure 1 c, d). Such a 
network of nutritive capillaries was not 
described earlier 1,2 . Higher magnification 
of carotid angio-replica indicates lon¬ 
gitudinal endothelial cell striations, char¬ 
acteristic of arterioles. 


Stable blood pressure is a pre-requisite 
for the effective functioning of vital 
organs of the body. With this idea in 
background, the nature with the help of 
meticulous experimentation spanning mil¬ 
lions of years evolved structural modifica¬ 
tions in the vascular organizations of the 
organs to regulate blood pressure to suit 


their varied functions. Wavy and hair-pin 
bends of the capillaries of the respiratory 
papillae and rete mirabile of choroid 
glands of eyes respectively of Channa 
species 6 seem to be the simplest structural 
modifications in the vascular organization, 
which offer resistance and regulate blood 
flow through the organs in question for 



Figure 1 a-d. Scanning electron micrographs of the carotid labyrinth of Chaca chaca. a. 
Ramification of the tortuous vessels of the carotid labyrinth (CL), bar = 1100 pm; b, Dotted 
arrows showing distribution of blood pressure in the tortuous blood vessels of carotid 
labyrinth Ophthalmic artery (OA) is also seen, bar = 450 pm; c. Subdivisions (arrows) and 
u-shaped bending (*) of the blood vessels of the carotid labyrinth. Nutritive supply 
(arrowhead) of the carotid labyrinth is also seen, bar = 270 pm; d , Longitudinal endothelial 
striations (arrow) on vascular replica, bar = 150 pm. 
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their effective functioning. Twisting of 
capillaries of the vascular papillae of the 
air sac of M. cuchia 1 is perhaps the 
another step to decrease the pressure and 
flow of. blood through the respiratory 
islets by applying comparatively more 
resistance. In quest to achieve elaborate 
and a more effective system of vascular 
resistance, tortuous vessels were evolved. 
Such systems of tortuous vessels are 
reported in the secondary vascularization 
of the efferent branchial and filamentar 
arteries 2 , glomeruli 8 and carotid labyrinth. 
The carotid labyrinth is characteristic of 
catfishes and is formed by the tortuous 
blood vessels originating from the com¬ 
mon carotid 1 . It is interesting to suggest 
that the intricate branchial circulation and 
angiotensin-converting enzymes in the 
gills 9 are the two steps to decrease the 
blood pressure of the total cardiac output 


and conduct the same to the common 
carotid through the first epibranchial 
artery. The blood pressure in the common 
carotid is distributed to various tortuous 
vessels and the blood with optimum pres¬ 
sure is conducted to the retina and the 
brain through the ophthalmic artery and 
branches of circulus cephalicus. 
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Making forestry in India sustainable 

T. N. Khoshoo 

Being largely dependent on natural forest stands, India's forestry even today is mostly in 
hunter-gatherer stage. This is going to be increasingly untenable because of the escalating 
demand for wood and wood products much beyond the mean annual increment of India's 
natural and man-made forests. Self-sufficiency in forestry is no less important than in food, 
space science, atomic power, drugs and military hardware. In fact it is equally if not more 
important because with forestry is tied India's long-range ecological and economic security. To 
achieve this, leadership in forestry must pass from the present-day so-called self-proclaimed 
social and management experts, to the professional foresters who are sound in science and 
technology. Wood imports will become increasingly difficult on environmental considerations, 
therefore, the country has to swing into action and plan to achieve self-sufficiency in wood in 
the next 30-50 years. To be sustainable, it would involve considerable inputs of upstream 
hardcore S&T, rather than mere social palliatives at present being supported by most international 
funding agencies. 


Escalating wood demand, faulty implementation of the 
forest policy coupled with undue political and public 
interference at the local level, and ‘caving in’ of the 
Indian Forest Service under populist and political pres¬ 
sure, have, over the years, turned India into a wood-deficit 
and wood-importing country. This has led to a situation 
where populism dominates in the area of forestry in 
place of forest science and technology. Associated with 
this is the decline in forest cover, accompanied by 
considerable environmental, social and economic decline. 
If this decline is not halted, its pace will increase with 
time. The ultimate result would be that the country may 
head towards an irreversible desertification on a large 
scale in the Gangetic Plains which is our bread-basket. 

In recent years there have appeared a plethora of 
publications on Indian forestry. The most notable of 
these is Gadgil and Guha’s 1 treatise written from a 
historical perspective. Many seminars have been held, 
and projects sanctioned by international funding agencies 
to several organizations. A typical example of this is 
a seminar with ‘five-star’ lavish hospitality held in India 
with the support of a foreign agency 2 , the outcome is 
a report that is pedestrian in content. The irony is that 
such five-star seminars in air-conditioned rooms 
deliberate on India’s poor and poverty! The underlying 
science and technology of forestry has seldom if ever 
been mentioned even by default. Furthermore, the 
vacuum in Indian forestry has created many shades 


T. N. Khoshoo works at the Tata Energy Research Institute, Darbari 
Seth Block, Habitat Place, Lodi Road, New Delhi HO 003, India. 


of ‘foresters’. This is indeed an unfortunate state of 
affairs. It appears as though forestry in India is being 
subtly undermined by international organizations and 
funding agencies. 

The basic problem in forestry in India is the widening 
gap between supply and demand of wood on account 
of over-population as compounded by low-productivity 
of the planting stock. The result is that yields are 
dismally low: the lowest in the world per unit of area 
and time. This aspect has never been discussed. On the 
contrary, the present day forestry crisis has been shown 
to be a result of wrong management and non-involvement 
of the people at large. It is claimed that people have 
all the knowledge to make forestry work. However, no 
one doubts the importance of the local technical 
knowledge and wisdom , but there is considerable ‘chaff’ 
from which ‘grain’ has to be separated. This knowledge 
needs to be systematically unearthed, checked for its 
veracity and then dovetailed in an overall forest strategy. 

The most pressing problem is the enhancement in 
productivity which can be raised only by application of 
forest tree genetics and breeding together with some 
aspects of biotechnology and supported by appropriate 
silvicultural practices. These aspects have never been 
discussed. As in agriculture, people’s action will follow 
only when improved and highly productive varieties of 
forest trees become available. There can be dramatic 
increase in yield if such cultivars are used in place of 
plantations raised from seed from the unselected wild 
stock. Thus for the same effort, money and time, there 
would result tremendous gains for the poor. The most 
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pressing need, therefore, is that Indian forestry needs 
heavy scientific and technical inputs for making it 
sustainable. 

Forestry is today a big business outside India. At the 
root of such success is the strong input from S&T in 
forestry coupled with relevant social and economic 
aspects. The best example of this is Sweden 3 . Unfor¬ 
tunately, funding agencies have seldom supported forest 
tree genetics and breeding in India. Most agencies have 
supported the so-called social palliatives. It appears as 
though vested interests both in India and abroad are 
undermining India’s forestry plans so that this country 
continues to remain a wood-deficit and wood-importing 
country. Thus the country will continue to be embroiled 
in populist issues, and be a perpetual buyer of wood 
and wood products from abroad. Then wood will become 
a political weapon to be used against India at an 
a PP ro P r i at e time. The country was in a similar situation 
in food some four decades ago. Thanks to a total 
understanding between the then enlightened and out¬ 
standing political and scientific and technical leadership, 
India became self-sufficient in food, and today it feeds 
itself without going round the world with a begging 
bowl. Associated with this success, there have been 
some ecological costs. Some environmentalists are con¬ 
cerned about it, but one need not worry on this account, 
because these costs are entirely manageable. India now 
needs to ensure high production and productivity in 
forestry to meet the needs of wood for its increasing 
population. 

There is need to bring about a Forestry Revolution 
based on lessons from India’s Green Revolution. The 
basic input to Green Revolution was Borlaug’s Dwarf 
Wheats which were specially architectured to give high 
productivity. These were evolved by the use of genetics 
and breeding followed by appropriate agronomy, disease 
and pest control, etc. The leaders of this revolution in 
India were internationally acknowledged agricultural 
scientists and technologists. It is time that there is a 
deep introspection in India about our forestry. Forests 
in fact guarantee long-range ecologic and economic 
security, together with soil, water, climate stabilization, 
biodiversity, etc. 

Facts about India’s forestry 

Unless the Government functionaries, foresters, scientists 
and technologists and the people of this country recognize 
the gravity of the situation in forestry, nothing tangible 
can be achieved in this area. 

There are a lot of myths prevailing in forestry, and the 
facts are rather grim 4 . Some of these are enumerated 
below: 

• Our close and effective forest cover (with a crown 
density 40% and above) was only 11.73% in 1990-91 


(FSI, 1993) which is far below our declared national 
objective since Nehruvian times, i.e. to have 33% of 
our country under forest cover. The world average is 
also 33%. In other words, India is expected to have 
110 million ha (total land area of India is 329 
million ha) under close forest cover but it has only 
38.56 million ha. This means that there is a deficit 
of about 71 million ha. Furthermore, the average 
forest cover should be 60% in the hilly regions, 
which, except in Arunachal Pradesh, is not the case 
in India. 

• Open forests with a crown density less than 40% is 
25.08 million ha, which needs conversion into close 
forest cover. 

• India’s per capita forest is only 0.1 ha, which is the 
lowest in the world; the world average being 1 ha 
per capita. 

• The annual requirement of firewood, timber and paper 
and pulp of the country is at least 280 million m 3 ; 
but our mean annual increment from the forests is 
only 52 million m 3 (1.24%). The gap (228 million m 3 ) 
between demand and supply is increasingly widening 
and needs to be closed. 

• Our productivity is 0.7 m 3 of wood per ha per year 
which is also the lowest in the world. 

• Crisis in forestry in India is largely a crisis of firewood 
consumption, because firewood accounts for over 80% 
of wood use in the country. In addition, there are 
between 200 and 400 million cattle (more often 
derelict) which cause fodder crisis and compaction 
of the forest floor by trampling. This in turn also 
affects forest cover. 

Firewood and grazing crises are very serious. Unfor¬ 
tunately, these facts have been pushed ‘under-the-rug’ 
particularly by most non-professional forestry actors. 
They connect forestry crises only to timber extraction 
by contractors. An objective analysis shows that forest 
destruction has been both need and poverty-related, and 
greed and affluence-related. Except in Jammu and Kash¬ 
mir where firewood has been a part of forestry plans 
from the beginning, it is only now that firewood has 
entered the forestry agenda of other states. Further¬ 
more, 

• firewood as a source of energy is going to be relevant 
for the foreseeable future for a large section of 
economically poor Indians, and 

• at present firewood comes to the megacities from far 
flung areas. More often it is transported by petrol or 
diesel-driven trucks and railway wagons. In fact the 
country may be spending far more energy in hauling 
firewood than it is recovering out of it. 

The conclusion that one can draw from the foregoing 
facts is that unlike agriculture and animal husbandry 
(partly so in fisheries), in forestry the country is still 
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in the hunter-gatherer stage trying to meet the needs 
of firewood, timber and paper pulp from natural forest 
stands. Left to the international funding agencies, the 
country would remain embroiled in the same state of 
affairs. There is, therefore, an urgent need for a modern 
and dynamic outlook in dealing with forestry by taking 
lessons from a wood-surplus country like Sweden 3 where 
forestry is treated as ideal renewable resource. 

It may, however, be pointed out that the forestry 
crisis is indeed manageable, and can be solved in the 
next 30-50 years if we start now chalking out a forestry 
strategy, based on science and technology and keep the 
good of the people at heart. This will help the country 
to prevent desertic conditions that have set in the 
Indo-Gangetic Plains which, according to M. S. 
Swaminathan, have the potential to be the bread-basket 
of the world. If unchecked, it will lead to economic 
decline. Furthermore, we must allow our forests to 
regenerate, and alongside we must take to forest plan¬ 
tations of elite varieties in a big way for solving our 
firewood and industrial wood crises. In addition, as 
indicated above, the biggest lacuna in forestry is the 
lack of modern scientific and technological expertise, 
with the result, there is increasing tendency to take to 
populist approaches. Thus there is need to raise high- 
density and short-rotation plantations of elites of loca¬ 
tion-specific varieties to meet firewood crisis. Equally 
important is that simultaneously the animal husbandry 
agencies need to do something very tangible to meet 
fodder crisis, and replace the present largely derelict 
livestock wealth by significantly fewer but improved 
varieties together with their stall feeding. 

Goals of forestry 

There is an urgent need for an indepth understanding 
of forestry problems and then take some short- and 
long-range practical steps. These would involve some 
hard non-populist but pro-nature, pro-poor, pro-woman 
and pro-job-generation decisions. The country has to be 
clear about the goals of forestry taking into account 
environmental and economic dimensions. Below are 
given the important goals in forestry and the type of 
forestry that emanate from such goals (Figure 1): 

• Affording long-range ecological security by having a 
permanent forest cover for conserving climate, water, 
soil and biodiversity. This is achievable through con¬ 
servation forestry. 

• Meeting the need for goods and services, including 
firewood, charcoal and fodder of the tribal/rural com¬ 
munities and the urban poor: achievable through dif¬ 
ferent agroforestry systems. 

• Meeting the wood requirements of the people and 
industry for timber, pulp, fibre and silvi-chemicals: 
achievable though industrial forestry. 


• Ecological amelioration of degraded forest areas and 
wastelands so as to green and then enhance the 
productive capacity of such derelict lands and to 
improve general aesthetics: achievable through res¬ 
toration forestry . 

These four types of forestry are not mutually exclusive 
but mutually highly supportive (Figure 1). 

Conservation forestry 

This is most relevant for conserving all water regimes/ 
watersheds/catchments; representative ecosystems and 
biosphere reserves, centres of origin and diversity of 
crop plants and domestic animals; national parks and 
sanctuaries and fragile and unique ecosystems, together 
with conservation of the forest cover that exists in these 
areas. Among other areas, all mountain systems (entire 
Himalayan belt, Siwaliks, Aravallis, Vindhyas, Eastern 
and Western Ghats, etc.) would come under the purview 
of this category. All these mountains are in fact our 
water reservoirs and climate-stabilizing areas. In these 
regions, extraction of wood (not more than the mean 
annual increment) and non-wood forest resources have 
to be highly selective and only when warranted on 
scientific and technical grounds for maintaining the 
health of the concerned forest or ecosystem. Such extrac¬ 
tion has to be done based on well-conceived working 
plans. The restoration and repair of such areas has to 



Figure 1. Types of forestry together with their ecological and 
socioeconomic implications. 
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composition is irreversible, but a new state of forest is 
possible. There are instances that the ‘new’ forest reverts 
to its original composition with time. 

Obviously, costs involved in restoration of such areas 
are rather high, but should be acceptable because of 
the permanent greening and halting of erosion that 
ensues from such an operation. Degradation can take 
place within a matter of a few years as happened in 
Uttar Pradesh. Here, with the abolishment of zamindari 
(land lordism) after independence in 1947, the zamindars 
(land lords), out of vengeance, literally clean-shaved the 
forest on their lands. Thus they made a fast buck and 
returned the land to the Government. Restoration of 
such forest will take a long time and curative action 
would be rather costly. An example of such a rehabilita¬ 
tion process is Banthra. In 20 years, it did lead to the 
creation of a new man-made forest and new agro¬ 
ecosystem 9 . 

Between the two extremes, is a state, where depending 
upon the extent and nature of forest degradation and 
extent of human intervention, the forest could recover 
to near-original sate or to a new state (Figure 2). This 
intermediate state is indeed labile. The famous case of 
Sukhomajari (Siwaliks of Haryana near Chandigarh) by 
R. P. Misra would more or less fall in this category. 
This may be called as the Indian version of Canadian 
Model Forests where imperatives of production and 
consumption were dovetailed on a sustainable basis. 
This would involve a partnership between Village Council 
and the people on the one hand, and scientists and 
technologists, relevant industry, State and Central Govern¬ 
ment Forest Departments and Wildlife Managers on the 
other. The idea is socio-economic revitalization of the 
local communities by improving the health, and productivity 
of forests and plantations through application of science 
and technology and participatory resource management. 

Some excellent models of development of wastelands 
are already available in this country. The eco-restoration 
strategy must involve an intimate study of the ecological 
aspects and socio-economic costs. 

What needs to be done? 

A reorganization of forestry is needed in real terms so 
that the same matches the stupendous tasks awaiting 
before it. This is only possible if the leadership in 
forestry is reverted to technocrats. In the meantime the 
following aspects need consideration. 

Conservation Forestry needs to be fortified by appro¬ 
priate laws together with a set of credible and imple- 
mentable measures to better the lot of indigenous or 
the ecosystem people. Centre must have over-riding 
powers in this regard. 

Agroforestry has to be strengthened by appropriate 
R&D and location-specific models of agri-silviculture, 


agri-pastoral, silvi-pastoral, agri-silyi-pastoral so as to 
increase the production of food, fodder, fuel, fertilizer, 
medicinals, etc. on a sustainable basis (Figure 1). 

Industrial Forestry needs strong inputs of R&D so as 
to make it a commercial success. Unfortunately, this 
type of forestry is a red rag to ecological fundamentalists. 
They do recognize the need of wood for timber, paper 
pulp and fibre, but their populist strategies can never 
lead to self-sufficiency in wood needs. This type of 
forestry has to be an industrial venture where genetically 
superior high-yielding strains have to be used. Obviously 
it will require back-up support by changing land laws, 
and inputs of genetics, tree breeding, biotechnology, 
updated silvicultural practices, use of mycorrhizae, 
protection from diseases and pests, etc. One of the 
options is to privatize this venture after plugging the 
possible ‘holes’ in the system, where involvement of 
people (not in populist sense) is ensured. People and 
industry have to develop an equal stake. 

Restoration forestry needs to be taken up with the 
help of people by warranting and guaranteeing their 
rights as long as they do not clash with our long-range 
ecological security. The objective is to green these areas 
with tree/shrub cover with anything that can grow under 
these harsh ecological conditions. There are many in¬ 
stances when after 15-20 years, natural forest composi¬ 
tion takes over in such areas. Help of some internationally 
known Indian and may be even foreign forest ecologists 
needs to be elicited. Even today the country has some 
good forest ecology schools with very good traditions. 

In essence, there is needed a well thought-out 
programme of enhancement of productivity from the 
dismally low level of 0.7 m 3 /ha year. Productivity 
enhancement goes well with the concept of forest tree- 
crop farming. It is also in line with the contemporary 
developments that are taking place in the industrial 
countries. 

Speaking biohistorically, human beings met all their 
wood needs from natural forests because forests were 
far in excess of the human numbers and their needs. 
This stage was akin to the foraging, hunting and gathering 
food, fuel and fibre needs from the wild, which has 
been abandoned by human being some 6000-10,000 
years ago except by the ecosystem people who are very 
few in number and their wants very limited. The result 
has been that there are today well-organized agriculture, 
animal husbandry and fisheries systems. Such a change 
in forestry in India is long overdue to meet the wood 
needs through agroforestry and production/industrial 
forestry. This would help to create alternative resources 
and employment and thus help in saving the natural forests. 

Trees as crops 

Another urgent need is to breed special ideotypes for 
timber and pulpwood, fuelwood and fodder trees 5 . Trees 
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have to be cultivated as crops under agroforestry and 
industrial forestry. This means that there has to be a 
period of domestication involving conscious selection 
of trees for specific end-use, e.g. firewood, fodder, 
timber, pulp, etc. On account of their high yield, the 
tree crops would out-do the ancestral species. This 
change has become necessary. Furthermore, there is a 
mistaken notion about multipurpose trees. A tree can 
be multipurpose at the taxonomic level, e.g. different 
genotypes for fuel and charcoal, timber, pulp, fibre, 
latex, etc. One cannot use a tree for all these uses at 
the same time. For instance, if leaves are constantly 
used as fodder, there would be reduced photosynthesis 
leading to reduced wood output. This means trees have 
to be selected and bred for specific uses. Thus the 
concept of tree-ideotypes must come in. This concept 
has been followed intuitively by foresters but never by 
a deliberate design. There is needed a good deal of 
coordination among tree physiologists, geneticists, 
breeders and silviculturists to design specific tree- 
ideotypes for timber plantations, fuelwood and as fodder. 
Again, there would be difference if tree-crops are grown 
in plantations, or under agro-forestry conditions. 

Equally important is to relate yield parameters to 
morphological, anatomical, physiological, genetical, 
chemical, canopy architecture and silvicultural require¬ 
ments. Furthermore, yield parameters have to be related 
to phenology, photosynthesis, sink dynamics, competi¬ 
tion, ageing, etc. These characteristics are often strongly 
correlated. The objective is to develop tree ideotypes 
for specific end-uses. 

Eucalyptus provides an interesting case of a total 
mismatch between end-use and its ideotype. Ideally 
eucalyptus can be used for pulpwood and/or timber, and 
not as a firewood crop. The latter is a total waste of 
the valuable biomass. 

Khoshoo 5 has worked out the ideotypic characteristics 
of timber, fuelwood and fodder trees. For timber and 
pulpwood the characteristics are: partitioning of nutrients 
in favour of wood in the mainstem rather than for 
branch-wood, bark and even reproductive parts which 
should be small with few flowers. Other characteristics 
should be: straight stem, narrow green crown, thin bark, 
good quality timber, rapid growth, thin branches arising 
at about 90° to the trunk, more leaf area per unit of 
branch wood weight, longer lasting foliage, few flowers, 
tolerant to environmental stress and high survival value 
under specific agro-ecological conditions. The advantages 
of such an ideotype are the elimination of expensive 
thinning operations; and easier pruning (Figure 3). All 
these characteristics also apply to pulp-wood species 
together with appropriate chemical parameters. 

Fuelwood ideotypes would be most relevant to the 
rural subsistence sectors, and for this marginal wastelands 
with low-nutrient soils would be available for a long 
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time to come. Trees should have rapid growth, wood 
with medium to high density, high calorific value, 
straight grain, wood that burns steadily without any 
toxic smoke and sparks, stem thin and of medium length, 
thornless, not excessively branched, ability to coppice 
and pollard, easy vegetative propagation, minimum bark, 
ability to tolerate competition and amenable to high 
density/short rotation for high wood biomass production 
(Figure 4). 

Fodder trees with leafy shoots, twigs and fruit were 
very popular in historical times, but down the ages, 
attention shifted to fodder grasses and legumes. In the 
recent times there has been revival of interest as a 
component of agro-forestry systems, although tree fodder 
is less nutritive. A desirable ideotype should be a small 
tree or a shrub, highly branched, possessing the capacity 
of regrowth after periodic lopping and leaf-stripping 
without affecting phenology and metabolism, palatability 



Figure 3. Ideotype of a timber and pulpwood tree. 
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with specific livestock, digestibility and proper chemi¬ 
cal characteristics, particularly high protein content 
(Figure 5). 

The foregoing characteristics have to be looked for, 
while making selections from the natural and man-made 
variants for a specific end-use, so as to maximize the 
productivity of the end-product. With time these can be 
refined. Having identified or bred elites, there would 
follow a strategy to enhance their productivity further. 
The following six components are indeed interconnected 
and can be taken up simultaneously: 

• Application of advanced forest tree breeding methodol¬ 
ogy and selection procedures for evolving superior 
genetics strains. 

• Clonal propagation of elites and planning of a ‘genetic 
mix’ so as to simulate conditions in nature. 

• Judicious use of tissue culture and biotechnology. 

• Optimizing silvicultural and nutritional requirements, 
including use of fertilizer, irrigation and bacterial and 
mycorrhizal inoculatons. 

• Disease and pest control, and 

• Weed control. 

Forestry, unlike agriculture, has a long gestation period 
and affects intergenerational equity. Therefore, it is 
necessary to take a long range view of R&D and policies 
in forestry. Funding has to be ensured on a long-term 
basis. This would also help in bridging the gap between 
the techniques developed in the research establishments 
and the technologies needed for large-scale application. 




The basic rationale of the strategy for forests/planta¬ 
tions of the future is summarized in Figure 6. Among 
other things, boosting productivity in forest trees is a 
function of nature of genetic status and genetic base of 
the planting stock used, its vulnerability to diseases and 
pests, its yield and management costs. From this point 
of view, the present day forestry in India falls in the 
right hand bottom square where we use unselected seed 
with wide genetic base, and obtain low yield, vul¬ 
nerability is low and management costs are also low. 
The present day outlook is to move to left hand top 
square where it is intended to use selected planting 
stock (half sibs and clonal material) with rather narrower 
genetic base, and relatively high yield. Obviously, chan¬ 
ces of vulnerability are high and so will be the manage¬ 
ment costs. However, the future goal (top right hand 
square) is to go in for full sibs, synthetics and clonal 
planting stock. This would have wider genetic base and 
yields would be very high, vulnerability would also be 
low because the genetic diversity would be wide, and 
the management costs would also be relatively lower. 
This would be a step towards future sustainable forestry 



Figure 5. Ideotype of a fodder tree after and before lopping. 
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with higher wood yield at relatively lower maintenance 
cost. 

Summing up 

If serious view of the existing crisis situation in forestry 
is not taken, India will be a perpetually wood-importing 
country and lose heavily in the long-range on ecological 
and economic security. Furthermore, the country would 
also lose the opportunity of being a quality-timber 
exporting country. Already a small country like Costa 
Rica is taking steps to raise large-scale scientifically 
well-managed plantations of teak (an Indian timber tree) 
as an export earner. Indeed it has been both pleasure 
and pain for this author to see these well-managed 
plantations in Costa Rica. 

Wood self-sufficiency is possible only when research 
and development, education and training, and demonstra¬ 
tion and extension in forestry are strengthened in real 
terms. A comprehensive report submitted to the Govern¬ 
ment of India in 1983 by the then Science Advisory 
Committee to the Union Cabinet (SACC), presided by 
M. G. K. Menon made specific recommendations in 
this regard. The underlying intention was to make Ins¬ 


pector General of Forests (IGF) ex-officio Secretary, so 
as to revert the leadership to technocrats in charge of 
the Department of Forestry (DoF). Furthermore, a well- 
known forestry scientist/technologist should take over 
as the Director General, Indian Council of Forestry 
Research and Education. If such a person is not available 
in India, he/she needs to be hired from abroad. Let us 
not forget that the first four or five IGFs and Presidents 
of Forest Research Institutes were Germans and not 
British, because the latter did not have good expertise 
in Britain. Secretary DoF should report to the Minister 
directly as is the case in Department of Scientific and 
Industrial Research (DSIR) and Department of Agricul¬ 
tural Research and Education (DARE). 

Some of these changes need to be undertaken in real 
terms. These are long overdue and would enable the 
country to: depend less on present standing forestry 
stock and plantations of low genetic quality, but more 
on future quality plantations with high yield (Figure 6) 
where the country needs to depend only on the sustainable 
allowable cut. This is what Sweden has done. Its export 
of timber and paper pulp helps that country to buy oil, 
food, chemicals and clothing 3 . 

A quantum jump in wood production through well 
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thought out production strategy would become the best 
form of conservation of our natural forest wealth. The 
country should not be averse to the use of exotics as 
far as production of timber, paper pulp, fibre and 
firewood are concerned. However, such introductions 
should not be allowed to enter our natural forests. 
There is need to evolve a special protocol for forest 
introductions 10 . 

India needs a meaningful R&D-based forestry without 
losing sight of socioeconomic aspects. By planting geneti¬ 
cally superior stock in agro-forestry and industrial 
forestry programmes, there would accrue significantly 
higher yield with the same effort, money and time. This 
would change the whole scenario for the better both 
for the poor and the industry. But where is the expertise 
to raise such superior stock! It may exist on paper 
because somebody somewhere issued a Government 
Order regarding this. Such expertise has to be built up 
by a technocrat secretary of the Department of Forests. 
This would not only help to save our natural forests, 
but also ensure our long-range ecological security with 
clean air with its correct chemistry, water, soil and land 
flora, fauna and microorganisms. 

The Indian forestry has to rid itself of populism which 
is abetted by some international agencies and many of 
their cohorts floating around in this country. Many 
symposia and seminars are held not with the idea of 
helping forestry in India but keeping India in permanent 
bondage to import wood, paper pulp and fibre. They 


only help to romanticize poverty 2 because such ideas 
are exotic to westerners. One often wonders if these 
agencies and their cohorts are India’s friends or foes! 
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Molecular messengers in insect biocommunication: 
Modality and relevance in biological control 

T. N. Ananthakrishnan 

Increasing relevance of molecular communication in insects involving the dynamics of receptor 
mechanisms , especially relating to tritrophic systems , has increased the prospects of better 
utilization of biological control practices. The need for intensive studies of receptor systems in 
insects , to be able to appreciate the involvement of such molecular messengers as kairomones 
and pheromones in bio communication is highlighted in this article. 


Volatile phytochemicals restricted to alcohols, ketones, 
aldehydes (C 16 ), esters (C 14 ), aromatics (< C 12 ), terpenes 
(<C 15 ) play an important role in insect communication 
systems and prospects for manipulating natural enemies 
as well as pest populations have led to the increased 
recognition of such systems. Advances in microanalytical 
chemistry, ability to manipulate chemicals for insect 
control as well as electroantennogram responses of 
insects, reflecting the adaptive significance of differential 
olfactory sensitivity to both insect hosts and parasites, 
have enabled a better understanding of the responses to 
chemical systems. Biocommunication, in which one 
insect produces a signal, which, when responded to by 
another, confers some advantage to the signaller, has 
become an essential component of behavioural studies 1 . 
It is the primary mode of information transfer used in 
such functions as host location by herbivores and natural 
enemies, avoidance of predation and signalling of 
opposite sexes for mating. Analysis of the air surrounding 
plants for head space volatile yields mixtures of a dozen 
or even a hundred compounds. Smaller molecular weight 
compounds tend to be more volatile and are of importance 
in attracting the host from a distance. 

Molecular messengers 

Infochemicals, as these are called, involve the 
pheromones, kairomones, allomones, and synomones, 
and may include locomotor stimulant, arrestant, attractant, 
repellent, or deterrent behaviour. Of all communications 
systems, chemical communication is the slowest, since 
on release, they linger in the air and are no more under 
the*control of the emitter. AMCE or amplitude modulated 
chemical emission is known in a few instances that 
have communication value beyond that of the chemical 
blend. A mixture of chemicals or a single chemical 


T. N. Ananthakrishnan is in the Entomology Research Institute, Loyola 
College, Madras 600 034, India. 


released into the environment by a female, triggers an 
immediate response of sexual behaviour by forming 
signals disclosing the presence of conspecific females 
to the males, which by positive anemotaxis locate the 
females upwind. Pheromones are 10-18 carbon com¬ 
pounds, and blends or mixtures are more effective and 
even at low molecular levels the females evoke sexual 
responses in males. A hierarchy of behavioural patterns 
occurs with increasing stimulation by sex pheromones, 
culminating in mating. Significantly enough, males of 
some danaid butterflies have eversible extrusible abdo¬ 
minal hair pencils which produce the pheromone 
danaidone directly on the female antennae and act as 
aphrodisiacs. While the components of the pheromones 
vary with insects, what is more relevant is the nature 
and diversity of olfactory responses of these chemicals. 
For example, in the silkworm Bombyx mori the chemical 
composition of the pheromone is (E,Z)-10,12-hexa- 
decadienol, in the pink bollworm Pectinophora gos- 
sypiella , it is a blend of Z,Z-7,11-hexadecadienyl acetate 
and E,Z-7,11-hexadecadienyl acetate and in the honey 
bee queen, Apis mellifera , it is (E)-9-ar<9-2-decenoic 
acid and (E)-9-hydroxy-2-decenoic acid. Behavioural 
responses depend on the frequency of interaction of the 
pheromonal components with the receptor cells. While 
the electro-antennogram (EAG) represents the summated 
receptor potentials of the antenna, single cell recordings 
are more specific allowing us to make comparisons on 
structure-activity relationships. For example, a sensillum 
trichoderm from the antenna of the male silkworm 
responding to bombykol and bombykal, as is evident 
from the difference in the spike amplitude (Figure 1). 

Insect molecular bioelectronics 

More than 2000 sensory neurons, largely olfactory, are 
associated with a large number of sensillae in the 
antennae, which efficiently filter the chemical molecules 
from the airstream (Figure 2). The sensillae are filled 
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with a fluid and pheromone molecules that impinge on 
the sensory hairs reach the acceptor sites of receptor 
cells by surface diffusion. The acceptor molecules are 
activated and induce conductance charges across cell 
membranes of dendrites which produce electrical impul- 


Bombyx mori 




100ms 0.5 mV 


Figure 1 . Single cell recordings from a sensillum trichodeum of 
Bombyx mori. Spikes with a large amplitude represent responses to 
bombykol and those with a smaller amplitude represent responses to 
bombykal. 


ses that pass down the antennal hairs to the insect 
brain 2,3 . The receptors of the sensillae vary in number 
and distribution and in terms of receptivity the com¬ 
plements of each sensillum is different. The abundance 
of olfactory and mechanosensory sensilla on the terminal 
segment of the antenna of an egg parasite such as 
Anastatus ramakrishnae enables it to detect the para¬ 
sitized from a non-parasitized host egg (Figure 3). 
Chemistry of signal transduction is vital for the overall 
communication system and the frequency interactions 
of pheromonal components with the receptor cells is 
important 4 . Adsorption of molecules on antennal hair 
surfaces increases the efficiency of the ‘molecular catch’ 5 . 

Single cell recordings from sensilla basiconica of 
Leptinotarsa decemlineata have shown five types of 
responses to different volatiles showing well-developed 
capacity of odour discrimination to cis and trans (E 
and Z) isomers of 2-hexen-l-ol, 3-hexen-l-ol, trans C6 
alcohols and C6 aldehydes, c/i’-3-hexen-l-ol and methyl 



Figure 2 a-d. a , Sensillar diversity on the distal segment of an antenna. Numerous sensilla chaetica (a) with grooved shafts and pointed tips; 
sensilla basiconica (b); sensilla trichodea (c) with slightly grooved shafts and conical pegs (d). b, A putative sensilla basiconica. c, An enlarged 
SEM of sensilla basiconica. d, SEM of sensilla trichodea. 
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salicylate (Figure 4). Similarly in Locusta migratoria , 
individual sensilla coeloconica showed receptor responses 
to C5-C9 aliphatic acids, alcohols and aldehydes. In 
Apis mellifera , sensilla placodea and sensilla trichoidea 
occurring in large numbers on the 8th terminal segment 
of antenna, show ten distinct olfactory responses 6 . Ol¬ 
factory responses offer the maximum efficiency, since 
the signals achieved through olfaction act at very minute 
concentrations, even at molecular levels such as 1-20 
mol ml" 3 air, though more efficient response occur at 
100-200 mol ml" 3 air as in the case of several lepidop- 
terans. 

To cite specific instances, moths being active after 
dark emit IR rays during wing vibrations and the fine 
structure of the antennae shows that parts of the antennae 
serve as infrared receptions, the pectinations of the 
antennae indicating the operative wavelength. IR radia¬ 
tion being a wavelength phenomenon can be ‘tuned 
into’ and the vibrating scent molecules given off by 
the female, enable the male to ‘home-in’ towards the 



molecules. As a result, the insect operates as a tiny 
electronic detector of infrared and microwave frequen¬ 
cies. The entire concept has come to be known as 
‘insect molecular bioelectronics’. 

Volatile chemicals and parasite host-seeking 
behaviour 

Parasitoids are faced with problems of nutritional 
specificity of hosts, a combination of nutritional and 
hormonal factors affecting host suitability. Plants com¬ 
municate with members of the third trophic level, since 
plants under attack by insects emit chemical signals that 
guide natural enemies to the site of plant damage. 
Semiochemicals mediating host finding emanate from 
frass, mandibular, labial and other secretions, exuviae 
and moth scales and damage tissues associated with the 
plant host 7 . In egg parasites tuning to the long distance 
sex-attractant pheromones of their host, unrelated 
parasitoids using aggregation pheromones of their hosts, 
and location of specific larval hosts by frass odours, 
the role of chemical communication or signalling effects 
in the behaviour of insects, have struck roots. Such 
signals become valuable when host insects are concealed 
as in the case of bagworms, like Eumeta crameri which 
are established pests of some social forestry trees like 
Acacia nilotica. Chemical communication between its 
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Figure 3. Chemosensory and olfactory sensillae on the terminal 

antennal segment of Anastatus ramakrishnae. Figure 4. Representative structural profiles of some allelochemics. 
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ichneumonid parasite Sinophorus psyscheae has been 
established, wherein heptacosane, eicosane and octadienal 
in the larval and bag extract act as positive cues along 
with frass extracts which attract more parasites 8 . 

The long chain hydrocarbon tricosane in moth scales 
acts as a kairomone for Trichogramma eliciting and 
maintaining host-seeking behaviour. Volatile chemicals 
such as hexatriacontane, pentacosane, heptadecane, doco- 
sane and 2,6,10 dodecatrienal identified from scales of 
cotton fed Helicoverpa armigera have been known to 
influence the parasitic potential of Trichogramma chilonis 
and can be employed in manipulating entomophagous 
activity in biocontrol programmes 9,10 . Of equal interest 
are the volatile profiles of body washings and egg 
washings of Helicoverpa armigera reared on various 
cultivars of chickpea. While phytol, nonyl phenol, 
xylazine, cyclopentane, benzofuranal, octacosane, hexa¬ 
triacontane, pentacosane, tricosane and docosane were 
common to both, body washings have in addition 
trimethyl butanol, nonanoic acid and eicosane. All the 
cultivars CO-1, CO-3, CO-2, SHOBA, H-28, ICCU-7 
have in common the volatiles tricosane, octacosane, 
pentacosane and eicosane, which were reflected in the 
body and egg washings, enabling Trichogramma to 
efficiently parastize Helicoverpa 11 . 

Analysis and behaviour of such volatiles through EAG 
studies have shown increased response for 6 and 7 
carbon aldelydes, alcohols, esters and ketones, while the 
parasites showed increased response to 7 and 8 carbon 
compounds, perhaps in view of host body scales con¬ 
taining cuticular hydrocarbons. That frass is a source 
of 7 carbon volatiles is supported by the. presence of 
heptanoic acid in the frass. After herbivore damage 
there appears to be a shift from 6 to 7 carbon volatiles 
released by the plant 12,13 . Further studies on frass analysis 
of several herbivores are needed to further confirm not 
only the degree of attraction of parasites, but also be¬ 
havioural manipulation of mass-released natural enemies. 

Recent observations have shown that P-glucosidase 14 
is an elicitor that affects production of attractants to 
natural enemies as evidenced by the analysis of regur¬ 
gitants of caterpillars of Pieris brassicae. Overlapping 
of chemical signals with the interception of messages 
by natural enemies, results in ‘chemical espionage’ 15 
enabling them to locate the target for the parasitoid. 


Only species of Trichogramma and Telenomus remus, 
which are egg parasites have been known to respond 
to lingering sex-pheromone scents. Abdominal tip ex¬ 
udates of Spodoptera litura comprising dodecane, hep¬ 
tadecane, octadecane and pentadecenoic acid sufficiently 
influenced the activity of the egg parasite Telenomus 
remus showing increased host egg tapping behaviour 9 . 
Since a factor that induces the systemic response seems 
to be present in the regurgitates of fed larvae, the need 
for their analysis in diverse lepidopteran larvae appears 
useful for a better perception of the attractants to natural 
enemies. Further, since plant species vary considerably 
in their green leaf volatiles composition, allowing for 
specialization of parasites on specific plant species 16 , an 
understanding of the diversity of responses of parasites 
to these volatiles could enhance the efficacy of biological 
control of crop pests. 
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Recent advances in the chemistry of 
water-soluble phosphines—Catalytic and 
biomedical aspects 


Kattesh V. Katti 

Departments of Radiology and Research Reactor, University of Missouri, 409 Lewis Hall, Columbia MO 65211, USA 


Hydroformylation of functionalized phosphorus(III) 
hydrides has resulted in the development of new classes 
of bis-, tris-, tetrakis- and hexaphosphines that are 
soluble and oxidatively stable in aqueous media. The 
coordination chemistry of the representative bisphos- 
phines with Pd(II), Pt(II) and Re(V) precursors 
demonstrates the chelating modes of bonding of the 
P(III) centres. These metal complexes exhibit selective 
partitioning in the aqueous phase in preference to the 
organic phase suggesting their usefulness in biphasic 
catalysis. The biodistribution studies (in rats) of a 
Tc-99m complex of one of the water-soluble phos¬ 
phines demonstrate the efficient renal clearance of the 
complex. The neutral and the lipophilic characteristics 
of this phosphine and the glomerular filtration pathway 
of its Tc-99m complex present a new concept in drug 
clearance. 


The chemistry of water-soluble transition metal/ 
organometallic compounds has attracted considerable 
attention in recent years because of their usefulness in 
biphasic catalysis 1 " 4 and biomedicine 5 " 8 . Most transition 
metal complexes tend to show instability in aqueous 
media because of complex redox processes mediated by 
water. In order to maintain aqueous solubility and high- 
kinetic inertness in water, it is important to use appro¬ 
priate functional groups as ligands for bonding to specific 
transition metals. In this context, water-soluble phos¬ 
phines have become essential building blocks for the 
development of transition metal complexes that are 
soluble in water. The term ‘water-solubility’ when 
referred to phosphines may sound rather unusual because 
tertiary phosphines, in general, are oxidatively unstable 
and produce their corresponding phosphine oxides upon 
interaction with the oxygen in water. However, the 
pioneering investigations of various workers 9 " 17 have 
demonstrated that the solubility of phosphines in water 
can be achieved via side group modifications of tertiary 
arylphosphines. Representative examples of water-soluble 
phosphines derived from various parent arylphosphines 
are summarized in Figure 1. 

The rhodium complex of the water-soluble, trisul- 
phonated triphenylphosphine (TPPTS) is currently used 
as a catalyst in the Ruhrchemie Rhone Poulenc’s (RCH/ 
RP) oxo process for the hydroformylation of propylene 
into n-butanal at the industrial scales 1 . In this process 


of biphasic (aqueous-organic) catalysis, the reactants and 
products stay in the organic phase while the catalyst 
remains in the aqueous phase. The RCH/RP process for 
the hydroformylation of propylene has not only 
demonstrated minimum catalyst losses, to account for 
a 10% reduction in costs compared with other traditional 
processes, but also has shown better selectivity of 
products 1 . Recently Herrmann et a/. 18,19 have developed 
a new water-soluble phosphine tailored with bulky sub¬ 
stituents on its backbone: bisdisulphonatodiphenylphos- 
phinomethyl tetrasulphonato binaphthene (BINAS). This 
BINAS system forms water-soluble Rh complexes and 
when used under biphasic conditions for the hydrofor¬ 
mylation of propylene, has demonstrated superior proper¬ 
ties than the TPPTS-Rh system in terms of catalytic 
activity, highest normal/iso ratios of aldehyde products 
and lowest Rh concentrations 18,19 . 

The development of water-soluble transition metal 
complexes of specific metals and metallic radioisotopes 
is also important because of their potential utility in 
pharmaceutical and radiopharmaceutical applications 
respectively 5 " 8 . For example, the design and synthesis 
of ligands that can lead to water-soluble and in vitro/in 
vivo -stable Technetium-99m (Tc-99m) or Rhenium-188 
(Re-18 8) complexes may aid the development of new 
radiopharmaceuticals for the diagnosis and therapy of 
human cancer 20 " 25 . In fact, recently two Tc-99m com¬ 
plexes derived from functionalized phosphines have been 
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TPPTS 


Figure 1. Representative examples of water-soluble phosphines. 
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approved by the food and drug administration (FDA) 
of USA, for human use as heart imaging agents 26,27 . 
These two diagnostic drugs are currently available for 
human use throughout the world. Rhenium-188 is a beta 
emitter and the conjugation of its water-soluble com¬ 
plexes to specific biomolecules has been implicated as 
an important basis in the development of ‘tumour- 
specific’ radiopharmaceuticals for therapy of certain 
human cancers 5-8 . Technetium-99m (a gamma emitter 
for diagnosis of tumours) and Rhenium-188 (a beta 
emitter for tumour therapy) are considered as matched 
pairs because of their congener relationship within the 
periodic table. The Tt-acid electronic characteristics of 
functionalized phosphines are considered to be most 
appropriate to generate well-defined and kinetically inert 
complexes of Technetium and Rhenium for radiophar¬ 
maceutical applications 5-8 . Therefore, the success in the 
development of water-soluble catalysts or the discovery 
of new ‘site-specific’ radiopharmaceuticals for the diag¬ 
nosis and therapy of cancer are expected to depend on 
the fundamental developments in the design and synthesis 
of new water-soluble phosphines. 

The utility of mono-, di- or tri-sulphonated arylphos- 
phines has become a common modality in the develop¬ 
ment of water-soluble transition metal complexes (Figure 
1). While the sulphonated phosphines offer convenient 
access to water-soluble ligands in bulk quantities, the 
lack of their purity and the often encountered, sul- 
phonate-assisted oxidation of phosphines have become 
major barriers in the utility of these ligands in specific 
catalytic applications. 

Functional groups with high water-solubility and low 
lipophillic characteristics are the essential criteria for 
their use as ligands in the design of pharmaceuticals 
or radiopharmaceuticals. In this context, the sulphonated 
arylphosphines, although highly soluble in water, are 
unsuited because they display high lipophilicity. There¬ 
fore, drugs derived from such ligands may show un¬ 
characteristic biodistribution properties and in turn 
adverse toxic side effects. 

From the aforementioned applications of water-soluble 
phosphines in the areas of biphasic catalysis and 
biomedicine, it is clear that new developments in the 
design of water-soluble phosphines will result in greater 
strides in the areas of catalysis and medical science. 
As part of our ongoing research on the fundamental 
main group chemistry aimed at the design and develop¬ 
ment of new multifunctional ligand frameworks 28-35 , we 
have recently discovered new classes of phosphines that 
have shown remarkable oxidative-stability and solubility 
in aqueous media 36-40 . This account will describe recent 
results obtained in our laboratory on (a) new synthetic 
approaches to water-soluble phosphines; (b) biphasic 
reactions of these chelating bisphosphines with transition 
metal precursors to produce water-soluble transition metal 


and radiometal complexes, and (c) relevance of this 
fundamental chemistry in the development of biphasic 
catalysts and also in the design of new radiopharamaceuti- 
cals with efficient bioclearance characteristics. 

Synthesis 

The approach, developed in our laboratory, for the 
synthesis of water-soluble bisphosphines involved the 
hydroformylation of P-H bonds, of appropriate phos¬ 
phines, as outlined in Scheme 1 (refs 36-39). It is 
important to recognize that hydroformylation reactions 
are usually referred in the context of metal-mediated 
hydroformylation of olefins. However, hydroformylation 
reactions involving main group centers (e.g. P-H or 
S-H) have remained largely unexplored 41 . 



K 2 PtCl 4 

water 



(HOH 2 C) 2 P P(CH 2 OH) 2 

1 


f \ + 4HCH0 

h 2 p x ph 2 


K 2 PtCL 4 

water 


(HOH 2 C) 2 



P(CH 2 0H) 2 


2 


Scheme 1. 

The reactions outlined in Scheme 1 not only produce 
the products in high yields (> 90%) but also the resulting 
new water-soluble phosphines have remarkable oxida¬ 
tive-stability in aqueous media (vide infra) 36-38 . Therefore, 
it may be conceived that the hydroformylation reactions 
of P-H bonds are fundamental to the discovery of 
functionalized water-soluble phosphines. In this context, 
our laboratory has explored the utility of the reactions 
outlined in Scheme 1 to produce the tri, tetra and even 
the hexaphosphines as described in Schemes 2, 3 and 
4 respectively 42 . All the new phosphines, described in 
Schemes 1-4, are oils and are highly soluble in water. 
They were characterized by } H and 31 P NMR spectros¬ 
copy and high resolution fast atom bombardment (FAB) 
mass spectrometry. In some instances, the structural 
proof has come from the X-ray crystallographic inves¬ 
tigations of the metal complexes derived from this new 
generation of ligands (vide infra). The 31 P NMR spectro¬ 
scopic data for all the phosphines are summarized in 
Table 1. The P-H bonded-precursors used in the synthesis 
of compounds 1-5 resonate around -125 ppm in their 
31 P NMR spectra. In sharp contrast, the water-soluble 
phosphines 1-5 resonate at considerably down fields 
(-25 to -30 ppm). These distinct chemical shift differen- 
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ces have allowed us to monitor the progress of these 
reactions (Schemes 1-4) through 31 P NMR spectros¬ 
copy 38 . 
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Oxidative stability in aqueous media 

The aqueous solubility of the new phosphines 1-5 alone 
will not guarantee their applications in biphasic catalysis 
or specific biomedical use. Their oxidative stability in 
aqueous media and also under specific in vitro/in vivo 
conditions are essential criteria for the development of 
water-soluble transition metal or radiometal complexes 
for use as biphasic catalysts or radiopharmaceuticals 
respectively. Detailed studies carried out in our laboratory 
have demonstrated the remarkable oxidative-stability of 
phosphines 1-5 in aqueous media. In fact, representative 
31 P NMR spectra, depicted in Figure 2, indicate that 


Table 1. 31 P NMR spectroscopic data for the water- 
soluble phosphines and their metal complexes" 


Compound 

P(CH 2 OH) 

P(Ph) 

1 

-31.2(s) 


2 

-20.0(s) 


3 

-21.3(d)'' 

-17.6(t)* 

4 

-22.0(d) c 

-20.5(d) c 

S d 

-20.2(m) 

-29.0(m) 

6 

57.5(s) e 


7 

66.8(s) 


8 

49.7(8/ 


9 

57.4(s) 


10 

29.8(s) 



“Spectra were recorded using aqueous solutions of com¬ 
pounds 1-10; data from refs 36-39; b 3 J P _ P = 34.0 Hz; 
c 3 J P _p = 39.0 Hz; rf two diastereoisomers and racemic 
mixtures are possible for this compound; e 1 J PlP = 2165 
Hz; * = 2203 Hz. 



Scheme 4. 


Figure 2. 3l P NMR spectra (121.5 MHz) of an aqueous solution of 
1 at various time intervals. 
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only less than 10% of the water-soluble phosphine 1 
is oxidized to the corresponding phosphine oxide even 
after seven days in aqueous media. These studies were 
carried out by stirring the solutions of phosphines in 
degassed-water in open-air. The aliquots, at various time 
intervals, were monitored by 31 P NMR spectroscopy. In 
general, alkanebisphosphines (e.g. R 2 P(CH 2 ) n PR 2 ; 
R = Me; n = 1-3) tend to be oxidatively unstable. In 
fact, (CH 3 ) 2 P-CH,-CH 2 -P(CH 3 ) 2 , which has a similar 
chain length as “(CH 2 OH) 2 P-CH 2 -CH 2 -P(CH 2 OH) 2 , 1, 
ignites instantaneously upon contact with the atmospheric 
moisture. The ability of alkyl hydroxy groups to impart 
oxidative-stability to the P m centres (in 1-5), particularly 
for extended durations in aqueous media, is considered 
to be significant in the development of transition metal 
chemistry in environmentally benign media (i.e. water). 


investigations of representative examples of metal com¬ 
plexes have confirmed their molecular constitutions. 
Single crystals of 6, 9 and 10, suitable for X-ray 
crystallographic analysis, were obtained from slow 
evaporations of their aqueous solutions. The structures 
of 6 and 9 comprise of centrosymmetric molecules with 



(In water) 


Pt(COD)Cl 2 or 
Pd(PhCN) 2 Cl 2 
(In CH 2 Cl 2 ) 


Coordination chemistry: Implications in 
biphasic catalysis 

The chelating nature of 1 and 2 and the presence of 
three to six P m centers in 3-5 provide useful avenues 
for the development of new classes of transition metal 
chelates. In addition, the water-soluble properties of 1-5 
present unique prospects in their reactions with transition 
metal precursors under biphasic (i.e. aqueous-organic) 
reaction conditions. For example, the chelating phos¬ 
phines 1 or 2, dissolved in water, react with PdCl 2 (PhCN) 2 
and PtCl 2 (COD) (COD = cyclooctadiene); dissolved in 
CH 2 C1 2 , under biphasic conditions to produce the cor¬ 
responding water-soluble Pd(II) or Pt(II) complexes in 
near quantitative yields (Scheme 5). The reactions out¬ 
lined in Scheme 5 are ‘strictly’ biphasic because upon 
simple shaking of solutions of ligands (in aqueous media) 
and metal precursors (in organic media), more than 98% 
of the metal precursors are transferred into the aqueous 
media. The metal complexes are isolated from the 
aqueous phase upon simple separation from the organic 
phase. The water-soluble bisphosphines 1 and 2 also 
react with early-transition metal precursors to afford a 
water-soluble Re(V) complex 10 as described in 
Scheme 6. 

The Pd(II) and Pt(II) complexes 6-9 (Scheme 5) are 
stable in aqueous media for several weeks 36,37 . This 
remarkable kinetic inertness ,of these transition metal 
compounds may be attributed to the high nucleophilicity 
of the P 111 centers in the parent ligands (e.g. 1-2). 
Phosphine ligands with high nucleophilicity are expected 
to involve efficient rc-back bonding with the metal 
centers enabling the formation of strong and kinetically 
inert M-P bonds. 

The new water-soluble transition metal compounds 
6-10 were fully characterized by l H and 3l P NMR 
spectroscopy (Table l) 36 ** 39 . The X-ray crystallographic 



(In water) 


M = Pt, 6 i Pd, 7 5 X = -(CH 2 ) 2 - 
M = Pt, 8 ; Pd, 9 > X = Q 


Scheme 5. 


HO 
HO 

Re0 2 I(PPh 3 ) 2 
(In CH 2 CL 2 ) 


P P 


-OH 

-OH 


(In water) 


HO 

HO 

HO 

HO 



OH 

OH 

OH 

OH 


(In water) 
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two ligands bonded to Pt(II) or Pd(II) centres in a cis 
fashion and the metals display square planar 
geometries 36 ' 37 . The Pt-P (2.309 A) and Pd-P (2.317 A) 
distances are within the normal range as seen in other 
alkyl-substituted phosphine complexes of these me¬ 
tals 43,44 . The X-ray structure of 10 confirmed the dioxo 
core around the octahedral Re(V) metal centre 38 . The 
Re-P distances (2.477 A) are within the normal range 
as noted in a number of other phosphine complexes of 
Re(V) (ref. 45). Interestingly, in all the complexes 6, 

9 and 10 no inter or intramolecular interactions were 
noticed despite the fact that -CH 2 OH groups, in general, 
are prone to hydrogen bonding interactions. 

What is the relevance of the reactions depicted in 
Schemes 5 and 6 to biphasic catalysis? In biphasic 
catalysis, the catalyst is expected to remain in the 
aqueous phase to enable 1 the efficient separation of 
products from the organic phase. The preferential 
solubility of transition metal catalysts in aqueous media 
enable high-recovery of catalysts after catalytic reactions 
and present enormous scope for achieving cost efficiency 
in specific chemical transformations. Modern chemical 
industries are, therefore, switching from the traditional 
monophasic catalysis to biphasic catalyst technologies. 
The oxo process, for the production of n-butanal, carried 
out by Rhone Poulenc is the premier example of the 
success of a biphasic catalyst system at the industrial 
scales. The Pd(II) and Pt(II) complexes of water-soluble 
biphosphines 1 and 2, as described in Scheme 5, possess 
near-ideal properties for their use in biphasic catalysis 
because they show stability in aqueous media and selec¬ 
tive partition from the organic into aqueous media. Besides 
the nature of the backbone of the water-soluble bisphos- 
phine, 1 or 2, has little or no effect on the overall kinetic 
inertness of the resulting Pd(JI) or Pt(II) complexes. 

The chemical modifications of the traditional sulphonated- 
arylphosphines (Figure 1) are difficult, making it im¬ 
practicable to tune the lipophilicities of these ligands. 
Systematic variations in the lipophilicities of ligands 
and their metal complexes are important in the develop¬ 
ment of ‘counterphase transfer catalysts’ wherein 
catalysts from the aqueous phase will interact with the 
lipophilic substrate molecules from the organic phase 46 . 
As the number of carbon centres in the chemical 
frameworks of the water-soluble phosphines (1—5) in¬ 
creases (Schemes 1-4), the liphophilic property of the 
individual ligands also increase accordingly. Therefore, 
our new approach to ligand design (Schemes 1—4) affords 
phosphines of appropriate aqueous solubility and 
lipophilicity for use in the development of counterphase 
transition metal catalysts. 


and organs is, generally, carried out by incorporating a 
targeting moiety on the radiometal complex as illustrated 
in Figure 3. Latest developments in biotechnology have 
provided useful targeting vectors (e.g. proteins, peptides). 
The radiolabeling of these biomolecules with a diagnostic 
(e.g. Tc-99m) or therapeutic (e.g. 188 Re) radioisotope is 
expected to produce radiopharmaceuticals for use in 
cancer diagnosis and therapy respectively 5,6 . The success 
of the approach depicted in Figure 3 depends on the 
biodistribution of the radiolabeled ligand itself. The 
characteristics of ligand systems that are most suited in 
the design and development of site-specific radiophar¬ 
maceuticals include: (a) solubility and stability in aqueous 
media, (b) stability under in vivo environment, and (c) 
minimal or no association with blood plasma and also 
efficient clearance from the human body through urine. 

As part of our ongoing effort in the development of 
ligand systems for use in nuclear medicine 28-40 , new 
water-soluble phosphines (11-12), as outlined in Scheme 
7, have been synthesized. In fact, the Tc-99m complexes 
of 11-12 have shown near-ideal in vitro and in vivo 
properties for their use in the design of site-specific 
radiopharmaceuticals. For example, the ligand 12, upon 
simple mixing with an aqueous solution of Tc-99m 



BM = Targetting Moiety (Protein/Peptide) 
L = Multifunctional Ligands 
M = Metallic Radioisotope 


Figure 3. Representation of a labelled biomolecule for ‘site-specific’ 
cancer diagnosis or therapy. 



4 %/P(0)(0R) 2 


KOBu 1 


/ % 


(R0) 2 (0)P-V^ 


/ ^P(0)(0R) 2 

"Vp(0)(or) 2 


Biomedical applications 

Targeting of radiopharmaceuticals for specific tumours 


R = Me,11;Et,12 


Scheme 7. 
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(oEt ) 2 (o) p\yvx \ /v p(0) (0Et)2 

(0Et) 2 (0)P-^> T <" ^ P(0)(0Et)2 
0=Tc=0 

(0Et) 2 (0)P-^_ p j^ V \ p _y P(0)(OEt) 2 

(OEUj^P^/ N- S V^P(0)(0Et) 2 


13 

Figure 4. Representation of structure of the Tc-99m complex 13. 

0 4 , produces the technetium complex 13 in > 99% yield. 
Based on the parallel studies of the reactions of this 
phosphine 12 with non-radioactive ReO; and comparisons 
of HPLC and electrophoresis data for the Re and Tc 
complexes, the structure of complex 13 is depicted in 
Figure 4 (refs 47,48). 

Detailed biodistribution studies, on rats and mice, of 
the Tc-99m complex 13 demonstrate that it has minimal 
or no interaction with blood plasma and, more impor¬ 
tantly, is cleared through the urine efficiently. A typical 
biodistribution analysis of this compound is shown in 
Table 2. The biodistribution studies of 13 in rats 
demonstrate that the uptake of this Tc-99m complex in 
blood at 5, 30, 60 and 240 min are 15.97, 4.81, 1.53 
and 0.67% respectively (complete biodistribution data 
for 60 and 120 min are summarized in Table 2) 47 ' 48 . 
The gradual drop of percentage injected dose (% ID) 
of 13 in blood is accompanied by a concomitant increase 
in the bladder (Table 2). In fact, at 120 min % ID in 
bladder is as high as 91.3%. This biodistribution pattern 
suggests that 13 is cleared from the body by a glomerular 
filtration pathway. At 60 or 120 min, the % ID in other 
organs is minimum or zero, suggesting that 13 is not 
only cleared efficiently but also does not localize in 

™f g6t ° rganS : The fast £l° meru lar filtration rate 
(uFR) and the efficient clearance from non-target organs 
make 13 ideal for use as a new drug for renal imaging 47,48 . 
In fact, the biodistribution analysis of 13 in rats and 
other animals matches the GFR clearance characteristics 
of commercially used renal imaging agents. It is also 
important to recognize that 13 was not decomposed in 
the animal body as evidenced by the identical HPLC 
profiles of pre-injected and urine samples 47 . 

Renal clearance of radiopharmaceuticals is, usually 
effected by the use of highly anionic ligands (eg’ 
diethylenetetraminepentaacetic acid (DTP A)). Such 
radiopharmaceuticals are derived from the interaction of 
a ppropriate Tc-99m precursors with DTPA in the 
presence of an external reducing agent (e.g. Sn (II)) 
The use of neutral ligands 11 or 12 to formulate 
radiopharmaceuticals (e.g. 13) with efficient renal 
clearance properties, as demonstrated in our discovery 


Table 2. Biodistribution of Tc-99m complex 13 in anes- 
thetized rats as a function of time after injection 0 

Percentage injected dose (ID) per organ* 


Organ 


Brain 

Blood 

Heart 

Lung 

Liver 

Spleen 

Stomach 

Large intestine 

Small intestine 

Kidneys 

Bladder 

Muscle 

Carcass 


lh 


0.00 ± 0.00 
1.53 ±0.38 
0.02 ± 0.00 
0.11 ±0.00 
0.74 ±0.07 
0.01 ±0.01 
0.55 ± 0.26 
0.18 ±0.02 
1.21 ±0.18 
1.92 + 0.41 
88.96 ±2.00 
0.02 ±0.01 
6.09 ± 1.73 


2 h 


0.00 ±0.00 
0.67 ±0.10 
0.01 ±0.02 
0.06 ±0.03 
0.63 ±0.17 
0.01+0.01 
0.65 ±0.20 
0.15 ±0.04 
1.19 ± 0.30 
2.47 ±1.58 
91.30 ± 2.11 
0.03 ±0.00 
3.37±0.17 


Sprague Dawley rats (180-240 g) anesthetized with Napento- 

9° m g/kg-IP) were injected intravenously; data from 
reis 4/ ? 4o. 

^Percentage ID/organ values are mean±SD; n = 5 for each 
group; percentage ID in whole blood estimated assuming 
whole blood volume as 6.5% of body weight. 


has opened-up a new concept in clearance of drugs via 
glomerular filtration pathway. The biodistribution studies 
of 13 have also demonstrated that this compound pos- 
sesses optimum in vivo stability and bioclearance char¬ 
acteristics for its use in the development of ‘site-specific’ 
radiopharmaceuticals. Currently, our laboratory is direct¬ 
ing its efforts to incorporate specific biomolecules on 
water-soluble phosphines (e.g. 11 or 12 ) to develop 
biomolecule functionalized-ligand frameworks. Our 
ultimate objective envisages radiolabeling of ligands that 
are pre-functionalized with biomolecules to produce 
tumour-specific’ radiopharmaceuticals (Figure 3). 


1. Comils, B. and Wiebus, E„ Chemtech, 1995, 25, 33 and references 
therein. 


2. Proceedings of NATO Advanced Research Workshop on ‘Aqueous 

Organometallic Chemistry and Catalysis’, Debrecen, Hungary, Aug 
29-Sept. 1, 1994, Preprints. S 

3. Kalck, P. and Monteil, F„ Adv. Organomet. Chem., 1992, 34, 219 

4. Herman, W. A. and Kohlpaintner, C. W„ Angew. Chem. Int. Ed 
Engl., 1993, 32, 1524. 

5. Volkert W. A. and Deutsch, E„ Advances in Metals in Medicine 
eds Abrams, M. J. and Murrer, B.), J AI Press, Connecticut, USA, 
1993, vol. 1, pp. 115-153. 

6. Volkert, W. A„ Simon, J., Ketring, A. R„ Holmes, R. A., Lattimer, 
J. C. and Corwin, L. A., Drugs Future , 1989, 14, 799. 

7. Kozak, R. W., Atcher, R. W., Gansow, O. A., Friedman, A. M., 
f * L and Waldmann, T. A., Proc. Natl Acad. Set USA , 


8. Volkert, W. A., Goeckeler, W. F., Ehrhardt 
A. R. J., Nucl. Med ., 1990, 1, 80. 

9. Chatt, J., Leigh, G. J. and Slade, R. M., J. 
Trans., 1973, 19, 2021. 


, G. J. and Ketring, 
Chem. Soc., Dalton 


10. Ahrland, S., Chatt, J., Davies, N. R. and Williams, A. A., J. Chem 
Soc., 1958, 276. 

11. Borowski, A. F., Cole-Hamilton, D. J. and Wilkinson, G., Nouv. 
J . Chim., 1978, 2, 137. 

12. Joo, F. and Beck, M. T., React. Kinet. Catal. Lett., 1975, 2, 257. 


CURRENT SCIENCE, VOL. 70, NO. 3, 10 FEBRUARY 1996 


224 



RESEARCH ACCOUNT 


13. Smith, R. T. and Baird, M. C., Trans. Met. Chem., 1981, 6, 187. 

14. Kuntz, E. G., Chemtech ., 1987, 17, 570. 

15. Kuntz, E. G., French Pat. 2, 349, 562, 1976, Rhone Pulenc Ind. 

16. Kuntz, E. G., French Pat. 2, 366, 237, 1976, Rhone Pulenc Ind. 

17. Kuntz, E. G., Ger. Pat. 2, 733, 516, 1978, Rhone Pulenc Ind. 

18. Herrmann, W. A., Albanese, G. and Manetsberger, R., J. Mol 
Catal. , 1995 (in press). 

19. Herrmann, W. A., Albanese, G. and Manetsberger, R., in Proceedings 
of ACS Conference on Catalysis, 1994. 

20. Refosco, F., Bandoli, G., Deutsch, E. A., Duiatti, A., Mazzi, U., 
Moresco, A. and Nicolini, M., in Technetium and Rhenium in 
Chemistry and Nuclear Medicine (eds Nicolini, M. and Bandoli, 
G.), Cortina International, Verona, Italy, 3rd edn, 1990, pp. 221-234. 

21. Fritzberg, A. R., Abrams, P. G., Beaumier, P. G., Kasina, S., 
Morgan, A. C., Rao, T. N., Reno, J. M., Sanderson, J. A., Srinivasan, 

A. , Wilbur, D. S. and Vanderheyden, J. L., Proc. Natl. Acad. Sci. 
USA , 1988, 85, 4025. 

22. Gerundini, P., Savi, A., Gilardi, M. C., Morganato, A., Vicedomini, 

G. , Zecca, L., Hirth, W., Libson, K., Bhatia, J. C., Fazio, F. and 
Deutsch, E. A., J. Nucl. Med., 1986, 27, 409. 

23. Lahiri, A., Higley, B., Crawley, J. C. W., Chiu, K. W., Edwards, 

B. , Smith, T., Griffiths, D. W., Archer, C. M., Latham, I. A. and 
Kelly, I D., J. Nucl. Med., 1989, 30, 818. 

24. Baidoo, K. E., Epps, L. A., Scheffel, U., Bums, H. D., Lever, 

S. Z., Kramer, A. V., Goldfarb, H., Gungon, R. and Wagner, H. 

H. , J. Nucl. Med., 1987, 28, 29. 

25. Deutsch, E. A., Radiochim. Acta, 1993, 63, 195. 

26. Higley, B., Smith, F. W., Smith, T., Gemmell, H. G., Gupta, P. D., 
Gvozdanovic, D. V., Graham, D., Hinge, D., Davidson, J. and 
Lahiri, A., J. Nucl. Med., 1993, 34, 30. 

27. Gerson, M. C., Deutsch, E. A., Nishiyama, H., Libson, K., Adolf, 
R. J„ Grossman, L., Sodd, W., Fortman, V. J., Vanderheyden, J. L., 
Williams, C. C. and Seenger, E. L., Eur. J. Nucl. Med., 1983, 8, 
371. 

28. Katti, K. V., Bio Tech. Rev., 1995, 32. 

29. Singh, P. R., Jimenez, H., Katti, K. V., Volkert, W. A. and Barnes, 

C. L., Inorg. Chem., 1994, 33, 736. 

30. Katti, K. V., Jimenez, H. and Volkert, W. A., Bioconjugate Chem., 
1995 (in press). 

31. Katti, K. K., Singh, P. R., Wang, M., Volkert, W. A., Hoffman, 

T. J., Ketring, A. R. and Katti, K. V., Appl. Rad Isot., 1995, 46, 53. 

32. Katti, K. V., Singh, P. R., Volkert, W. A., Ketring, A. R. and 
Katti, K. K., Appl. Radiat. Isot., 1991, 43, 9. 

33. Volkert, W. A., Singh, P. R., Katti, K. K., Ketring, A. R. and 
Katti, K. V., J. Labelled. Compd. Radiopharm., 1993, 32, 15. 


34. Corlija, M., Katti, K. V., Volkert, W. A., Hoffman, T. J., Hig- 
ginobotham, C. and Holmes, R. A., J. Nucl. Biol. Med., 1992, 36, 
296. 

35. Katti, K. V., Singh, P. R., Katti, K. K., Kopicka, K., Volkert, 
W. A. and Ketring, A. R., J. Labelled Compd., 1993, 32, 107. 

36. Reddy, V. S., Katti, K. V. and Barnes, C. L., Inorg. Chim. Acta, 
1995, 240, 367. 

37. Reddy, V. S., Katti, K. V. and Barnes, C. L., J. Chem. Soc., Dalton 
Trans., 1995 (in press). 

38. Reddy, V. S., Beming, D. B., Katti, K. V., Volkert, W. A., Ketring, 
A. R. and Barnes, C. L., Inorg. Chem., 1995 (in press)*. 

39. Beming, D. B., Katti, K. V., Singh, P. R., Higginbotham, C. and 
Volkert, W. A., J. Nucl. Med. Biol., 1995 (in press). 

40. Katti, K. V., Reddy, V. S. and Singh, P. R., Chem. Soc. Chem. 
Rev., 1995, 97. 

41. Ellis, J. W., Harrison, K. N., Hoye, P. A. T., Orpen, A. G., Pringle, 
P. G. and Smith, M. B., Inorg. Chem., 1992, 31, 3026. 

42. Katti, et al. (unpublished results). 

43. Gee, R. J. D. and Powell, H. M., J. Chem. Soc. (A), 1971, 1956. 

44. Hutton, A. T. and Morley, C. P., in Comprehensive Coordination 
Chemistry (eds Wilkinson, G., Gillard, R. D. and McCleverty, J. A.), 
Pergamon, New York, 1987, vol. 5, Ch. 59.3, pp. 1157-1170. 

45. Comer, K. A. and Walton, R. A., in Comprehensive Coordination 
Chemistry (eds Wilkinson, G., Gillard, R. D. and McCleverty, J. A.), 
Pergamon, New York, 19’87, vol. 4, Ch. 43, pp. 125-213. 

46. Okano, T., Moriyama, Y., Konishi, H. and Kiji, J., Chem. Lett., 
1986, 1463. 

47. Katti, K. V., Reddy, V. S. and Volkert, W. A., Invention Disclosure 
95UMC025. 

48. Hoffman, T. J., Reddy, V. S., Katti, K. V., Higginbotham, C., 
Singh, P. R., Ketring, A. R. and Volkert, W. A., J. Nucl. Med., 
1995, 36, 146. 


ACKNOWLEDGEMENTS. This work was supported by generous 
grants from Department of Energy, USA and Dupont Merck Phar¬ 
maceuticals, USA. I am indebted to Prof. Wynn A. Volkert for directing 
the biodistribution studies and animal modelling experiments. The work 
reported in this review would not have been possible without the 
painstaking efforts by various students, post-doctoral fellows and other 
technical staff whose names appear in the list of references. I also 
thank Prof. S. S. Krishnamurthy of the Indian Institute of Science, 
Bangalore, India, and its authorities for providing the necessary facilities 
during my stay on a study leave. 


Correction 

In “S. Chandrasekhar and C. V. Raman—Some letters” 
(Curr. Sci., 1996, 70, 104-107) by S. Ramaseshan, read 
.. (I appreciate Chandrasekhar’s fine work in astro¬ 
physics and latterly.. .” instead of .. particularly ...” 
on page 105, 3rd column, 5th line; and “Reading these 
letters ... during this period (1930-79(57,...” instead of 
.. 7 967 .. on page 107, 3rd column, 13th line. 


Erratum 

Advt; Indian Institute of Tropical Meteorology, Pune 
(Curr. Sci., 19.95, 69, 884-885) 

On page 885, read “Upper age limit is relaxable by 
five years for candidates belonging to SC/ST and as 
per rules for Ex-servicemen and physically handicapped 
persons” and not as printed. 
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onal integration of a separate and distinct renin 

ff- « AS) . " Shta 

? f angI0tensin system, including angio¬ 

tensin receptors, have been identified in the brf n 

RAS 1 cere hr il 0ntn ^. utlon of an intrinsic brain 
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The renin-angiotensin system (RAS) is a complex mixed 

srarr sv t 

balance, blood volume and arterial blood pressure The 

WCTrr“ reni " , ' Kl an8ioB " si " enzyme 

(ACE) act in series to liberate the active octapemide 

angiotensm-II. Angiotensin-II is well known to induce 

a positive inotropic effect in cardiac muscle and may 

trophv-X^i? 0 ^ 01131 mediat ° r ° f Cardiac ^Per- 

incUe t 8 ” 810 ' 6 ”?- 11 

r d Syn,hK !f “ d reta “* leased r”“ 
excretion of sodium, and maintenance of vascular tone 3 

In its classic definition, the RAS maintains blood pressure 

through angiotensin-II generated in the circulation 

ff V a e ng!ot neS ° f eVMenCe ’ h ° WeVer> SUggest that a Portion 
ngiotensin is not generated within the circulation 

but m peripheral tissues. An increasing number of studies 
suggested the existence of local PA 9 in t 

such as the kidney, adrenal gland, brain, heaTaLTod 


vessels . In this context, a concept of paracrine-autocrine 

has?° nS d° f Y RAS in thC regulation of bodily function 
? n , en . devel °P ed > and it is also speculated that locally 
produced angiotensin-II influences local tissue function 
and structure (Figure 2). Differently regulated gene 
xpression within several tissue RAS has been 
emonstrated m a variety of animal models, which 

on°r L U r 1 , nSi f ht int ° the re o u Jation of the RAS 
relevance of ih physioI °g ical functions 6 . The clinical 
benefio? V antracardiac RA S is indicated by the 
, ! a ef f ects of ACE inhibitors, which block the 
ditions such an gi ote nsin-II in several pathological con- 

ischaemin f C ° ngestlve heart failure, myocardial 
acut e "^cardial infarction, reperfusion ar- 
hythmias and left ventricular hypertrophy, as well as 
vascular hypertrophy 7 - 8 . s 

been dhY’ Y ^ ° f angiotensin - n receptors have 
been distinguished using non-peptide antagonists 910 AT, 
receptors ar^ , i 


- — —s "uu-pepuae antagonists ’ . AT, 

Ire found inhibited by L ° Sartan ’ whic h 

liver TnV" adrCnal C ° rteX ’ vascu i ature > kidney and 
iver, and are responsible for all known actions of 

STdT' Ib Conversely ' AT 2 receptors are selectively 
Most of th 123319 an d have yet unknown functions. 
h , e responses of the angiotensin-II appear to 
ependent upon the calcium release within the cells 

of XoT m:SI ?T nallmg Pr ° CeSS is initiated ^ the biding 
is Wi n n • ? ltS mCmbrane rece P tor which 
im d? y t0 " G -P rotein7 ' This G-protein 

DhZb enZyme ’ P hos P hol 'P ase C, which hydrolyzes 

fyl o? S n0SIt °; 4 ’ 5 - bis P h0S P hate ( pip 2 )- ™s hydro¬ 
'll PIP 2 results in the formation of two second 

Xrr’ iaosito1 1 -4,5-triphosphate (IP 3 ) and 

release of er °i . DA< ? ) ‘ The IP 3 in turn results in the 
release of calcium from intracellular stores. The other 

second messenger, the DAG, activates protein kinase C 
tdDhosnh? UP °Y he tCrminaI ph ° Sphate of adenosine 

phosph a te, resulting in the phosphorylation of many 
Y P. r0teins mcIudln g those concerned with cellular 

fhmY a c lgUre 3y If haS been known f or some years 
ma y Play a role in the cerebral blood flow 
”° re ® U atl °n and ischaemia. This review summarizes 
rgmg evidence for a separate brain RAS and also 
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Figure 1. Pharmacological sites for inhibition of renin-angiotensin system. 
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Figure 3. Signalling mechanism of angiotensin-II induced vasoconstric¬ 
tion and cell growth. 


Figure 2. Schematic representation of cellular actions of local renin- 
angiotensin systems. In paracrine actions, intracellular formation of 
angiotensin (A-I) from angiotensinogen (AOGEN) by the synthesizing 
cell leads to release of angiotensin-II, which acts on specific AT 
receptors at the surface of neighbouring cells, whereas in autocrine 
actions, angiotensin-II is synthesized cellularly and acts on receptor 
on the cell of its synthesis. Moreover, the presence of all components 
of the renin-angiotensin system in the cell may not be necessary, 
because it is also possible that angiotensin-I may be secreted and then 
activated extracellularly by ACE on the cell membrane, and so on. 


circulation and dysfunctions of regulation of blood flow 
as well as ischaemic brain injury. 

Brain renin-angiotensin system 

Multiple lines of evidence support the existence and 
functional integration of a separate and distinct RAS 
within the CNS 11 " 15 . The precursors and enzymes for 
the formation and metabolism of active forms of an- 
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giotensin have been identified in brain and several 
subtypes of binding sites for angiotensin-II have also 
been localized. It appears that brain RAS can function 
independent of circulating RAS, but mutual interactions 
exist in controlling various physiological functions. 
Moreover, brain RAS is a target for several neuro¬ 
modulator and neurotransmitter systems 16 . Angiotensin 
receptors have been identified in circumventricular organ, 
anterior pituitary, median eminence, subfornical organ, 
area postrema, and organum vasculosum of lateral ter- 
minalis 17 " 20 . Several nuclei of hypothalamus such as 
paraventricular, supraoptic, ventromedial, suprachias- 
matic, median eminence and preoptic regions have large 
number of binding sites for angiotensin-II 21 . Angioten¬ 
sin-II binding to cerebral AT\ receptors can be blocked 
by Losartan, and AT 2 receptors by PD 123177 (Figure 
4) or CGP42112A. AT } receptors are present in 
paraventricular nuclei 22 " 24 , area postrema 23 , nucleus trac- 
tus solitarii 25 , organum vasculosum of the lateral ter- 




Figure 4. Chemical structures of AT receptor antagonists Losartan 
and PD 123177. 


minalis 26 , septum amygdala, anterior pituitary and nucleus 
of the lateral olfactory tract 23 , whereas AT 2 receptors 
predominate in thalamus, septum, basal ganglia, amyg¬ 
dala, locus coeruleus, ventral tegmental area, and 
hypoglossal nucleus 23,27 ’ 28 . The AT { site appears to 
mediate the classic angiotensin responses concerned with 
body water balance, maintenance of blood pressure, and 
perhaps reproductive hormones and sexual behaviour. 
Less is known about the AT 9 site which may play a 
role in cell growth in cardiovascular and other systems. 
Recently, an AT 3 site was discovered in cultured 
neuroblastoma cells 29 " 31 , and an AT 4 site which preferen¬ 
tially binds a 3-8 amino acid chain of angiotensin-II, 
a fragment of angiotensin-II now referred to as an- 
giotensin-IV. The AT 4 site has been implicated in 
memory acquisition and retrieval, and the regulation of 
blood flow 32 ” 35 . The brain RAS has been implicated in 
a myriad of pathophysiological conditions such as 
modulation of sensory system especially olfaction, audi¬ 
tion, and sensation of pain and temperature, modulation 
of motor systems, memory and cognition, depression, 
Alzheimer’s disease, long-term potentiation, cerebral 
blood flow and ischaemia, physiological stress and 
regulation of alcohol consumption 16 (Figure 5). However, 
the functions of each of the receptor subtype in different 
physiopathological conditions are not yet clear. Because 
of the diverse nature of the brain RAS, a number of 
potential dysfunctions are possible. Of related importance 
is the role of angiotensins in blood flow and the 
possibility that dysfunctional autoregulation may con¬ 
tribute to sensory cell death. However, the precise role 
and anatomical locations have yet to be delineated. It 
is hoped that, in view of the emerging importance of 
brain RAS in the ongoing regulation of physiological 


Cerebral circulation 



Figure 5. Postulated brain renin-angiotensin system-mediated neuropathophysiological actions. 
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and behavioural functions and its complex interactions 
with other neurotransmitters, further unfolding of brain 
RAS by molecular biological and discrete cellular tech¬ 
niques may increase our understanding of neurobiology 
of brain RAS. 

Cerebral circulation and ischaemia 

The cerebral blood flow is controlled by the process 
of autoregulation, whereby cerebral blood flow is kept 
within defined limits despite wide variations in systemic 
perfusion pressure. The main control is exerted at the 
level of small resistance vessels, which dilate in response 
to a fall in perfusion pressure and constrict in response 
to a rise in perfusion pressure 36 . The vessels constrict 
as the perfusion pressure rises until the upper limit of 
cerebral autoregulation, and above this forceful dilation 
of the vessels occurs and blood flow increases. The 
blood-brain barrier may then be disrupted, and areas 
of oedema result. When perfusion pressure falls, the 
vessels dilate until the lower limit of autoregulation, 
below which cerebral blood flow falls and results in 
ischaemia. A myriad of factors affect the cerebral blood 
flow autoregulation, especially arterial oxygen, carbon 
dioxide tension and sympathetic nervous system acti¬ 
vity 37 . Sympathetic nervous system activity augments 
the cerebral autoregulation and participates in the 
homeostasis. The lower limit of autoregulation is in the 
mean arterial pressure (MAP) range of 50-70 mmHg, 
and the upper limit is 25-35 mmHg above the resting 
pressure . 

Severe hypertension accompanied by sympathetic 
activation shifts the upper limit of autoregulation to the 
right. Cerebral blood flow in hypertensive humans is 
the same as in normotensive individuals. The resistance 
vessels of the brain show ultrastructural changes, in¬ 
cluding medial smooth muscle hypertrophy and hyper¬ 
plasia because of higher mean arterial pressure 39 . The 
vessel wall thickening and luminal narrowing of this 
vascular remodelling limit the ability of the resistance 
vessels to dilate. Such changes are thought to protect 
the brain against high perfusion pressure but at the 
same time impair dilation of vessels at low pressure, 
shifting both the lower and upper limits of cerebral 
blood flow autoregulation to the right. In hypertensive 
patients, the lower limit has been estimated to lie in the 
MAP range 85-150 mmHg compared with 50-70 mmHg 
in normotensives. There is also a shift in the lowest 
tolerable blood pressure from 35 mmHg in normotensives 
to 85 mmHg in hypertensive subjects 40 . The rightwards 
shift in the lower limit appears to be proportional to 
the severity of the hypertension. With increasing age 
these vascular changes become irreversible and reduced 
baroreflex sensitivity becomes manifest. Antihypertensive 
therapy may fail to normalize cerebral blood flow 
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autoregulation. The upwards shift in the lower limit of 
cerebral flow autoregulation leaves the brain more sus¬ 
ceptible to an acute reduction in blood pressure and 
reports indicate lowering of blood pressure to normal 
has resulted in cerebral damage 41 . These effects may be 
precipitated by age, the increasing stiffness of vessels, 
making them less able to adjust to acute falls in blood 
pressure. 

Blood flow to the brain is often reduced in diseases 
such as congestive heart failure despite the normal 
maintenance of autoregulation 42,43 . Activation of sym¬ 
pathetic nervous system occurs 44 , with a shift of the 
autoregulation curve to the right, reduced large arterial 
compliance 45 , and impaired carotid baroreceptor func¬ 
tion 46 , resulting in further sympathetic activation. 
Autoregulation is impaired in ischaemic brain tissue 
after stroke. Many stroke patients have a history of 
chronic hypertension, again predisposing to a shift of 
autoregulation curve. Reduction of blood pressure and 
subsequently of cerebral blood flow might reduce flow 
to that area of the brain in the area of the infarct 
which, although viable, but ischaemic resulting in in¬ 
creased infarct size. Alternatively, failure to reduce an 
abnormally high blood pressure might increase cerebral 
oedema and causes increased infarct size. Therefore, the 
loss of autoregulatory function in the ischaemic brain 
might complicate the issue of blood pressure management 
in these diseases 47 . 

Role of angiotensin-II 

The role of the renin-angiotensin system in cerebrovas¬ 
cular disease has been discovered in recent years. An¬ 
giotensin-11 has been proposed to exacerbate the 
vasoconstriction associated with acute stroke 48 , and it 
might play a protective role in the cerebral circulation 
by maintaining blood pressure during relative or absolute 
hypotension and by dilating smaller cerebral vessels via 
release of vasodilator prostaglandins 49 . Several changes 
occur in the control of cerebral blood flow in pathological 
conditions such as congestive heart failure and hyper¬ 
tension. There is mounting evidence that ACE inhibitors 
influence cerebral blood flow differently from other 
antihypertensive and vasodilator agents. Available studies 
suggest that ACE inhibitors have modulatory role on 
cerebral blood flow after stroke, focal ischaemia and in 
the prevention of primary and secondary stroke. In 
animals ACE inhibitors shift the lower and upper limits 
of cerebral autoregulation to the left. Both in normoten¬ 
sive and in SHR rats given captopril this leftwards shift 
of the curve is associated with shortening of the 
autoregulatory plateau 50 . Recently, the effects of ACE 
inhibition on the autoregulatory curve have been 
demonstrated with captopril, which proportionately 
reduced the upper limit 50 , or with perindopril in the 
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lower limit 51 . Administration of captopril into the cerebral 
ventricles had no effect on autoregulation suggesting 
that captopril does not cross the blood-brain barrier 52 . 
Thus, the effect of captopril is mediated via dilation of 
the large arteries supplying the brain. However, studies 
of the effects of ACE inhibitors on cerebral blood flow 
and autoregulation in humans are limited and unclear. 
In hypertensive humans, the effects on the autoregulatory 
curve are similar to those seen in animals, although the 
shift to the left is more consistent in the lower limit 
of autoregulation 53 . Similar effects on the autoregulatory 
curve have been observed with fosinopril 54 and 
ceranapril 55 in experimental models. ACE inhibition in 
hypertension has no effect on cerebral blood flow, 
despite a fall in MAP 56 . Cerebral blood flow appears 
to be well maintained in congestive heart failure treated 
with ACE inhibitors, despite a fall in MAP 43 . Although 
resting cerebral blood flow in these patients is often 
reduced compared with normal, ACE inhibition restores 
the cerebral blood flow towards normal levels. 

Recently it has been demonstrated that cerebral blood 
flow increases by 20% after 4-15 days treatment with 
captopril 42 . Other studies have failed to show such a 
change 43 . In one study lisinopril showed an increase in 
common carotid artery diameter, cerebral resistance index 
and cerebral vasodilatory reserve, but no effect on middle 
cerebral artery blood flow velocity 57 . These data suggest 
that vasoconstriction of the small cerebral resistance 
vessels occurs as a result of direct compensatory dilation 
of the large arteries. Moreover, ACE inhibitors are found 
to be different from other antihypertensive agents and 
vasodilators with respect to their modulatory effects on 
cerebral circulation 58 . Further, it is speculated that the 
major effect of ACE inhibitors is to dilate the large 
arteries supplying brain, and cerebral circulation is main¬ 
tained by constriction of small resistance vessels 59 ’ 60 . 

In both hypertension and congestive heart failure, 
ACE inhibitors improve carotid artery compliance. This 
effect has been shown for captopril, enalapril, perin- 
dopril 61,62 and ramipril 60 , which is distinct to the effect 
of other agents 62 ' 66 . The normalization of blood pressure 
in hypertensive rats with lisinopril is also associated 
with inhibition of cerebrospinal fluid ACE 67 ’ 68 . There is 
ample evidence that ACE inhibitors exert beneficial 
effects on the small resistance vessels of the brain, 
mainly by preventing angiotensin-II formation. Cilazapril 
is effective in reducing the diameter of pial arterioles 
in SHR 69 , protects against focal cerebral ischaemia 70 and 
decreases mortality in genetically stroke-prone spon¬ 
taneously hypertensive rats. It decreases medial thickness 
and increases external diameter of cerebral arterioles 
and inhibits the injury-induced proliferation of smooth 
muscle cells 71 . Perindopril reverses the medial hyper¬ 
trophy seen in renovascular hypertensive rats 68 ’ 72 . An 
interaction between the autonomic nervous system and 


the brain renin-angiotensin system has been postulated 73 , 
but remains controversial. However, it is interesting that 
the shift in the upper limit of autoregulation to the left 
elicited by captopril is attenuated by sympathetic acti¬ 
vation 74 . ~ 

Conclusions 

For many years angiotensin-II was considered to be 
circulating hormone and the renin-angiotensin system 
to function largely by action on the kidney, adrenal 
cortex, heart and on arterial vascular structures and 
confines to the extracranial vasculature. But with the 
emerging evidence for a local RAS in brain, it is 
apparent that angiotensin-II may play an important role 
in the CNS (Figure 2). All components of the RAS, 
including angiotensin receptors, have been identified in 
the brain, where an intraneuronal location suggests a 
neurotransmitter or modulator role. In specific brain 
areas the RAS appears to influence blood pressure 
regulation and cardiovascular homeostasis, as well as 
thirst and salt appetite. The contribution of an intrinsic 
brain RAS to cerebral function and cerebral blood flow 
autoregulation and ischaemia is receiving widespread 
attention (Figure 5). Both in hypertension and in con¬ 
gestive heart failure, ACE inhibitors exert beneficial 
effects on the structure and function of small and large 
arteries of intra- and extracranial carotid circulation. 
Because ACE inhibitors do not cross the blood—brain 
barrier, it appears that such effects are mediated on the 
luminal side of carotid arterial wall, suggesting a role 
for angiotensin-II, either circulating or produced locally, 
in the maintenance of vascular tone. As angiotensin-II 
is an important growth factor 8 , it may have unique 
function on vascular structure and cerebral circulation. 
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Results of pressure Raman and optical absorption 
studies are reported for KTb(Mo0 4 ) 2 . A phase trans¬ 
formation occurs at 27kbar when the crystal is 
pressurized at ambient temperature, in a hydrostatic 
pressure medium. The sample changes to a deep 
yellow colour at the transition and visibly contracts 
in the a-axis direction. The colour shifts red on 
further pressure increase. The Raman spectral fea¬ 
tures and the X-ray powder pattern change abruptly 
at the transition indicating a structural change. The 
colour change is attributed to 4f-5d transition in Tb 
initiated by the structural transition, and consequent 
intervalence charge transfer between Tb and Mo. 

The alkali-rare earth dimolybdates MLn(Mo0 4 ) 2 have a 
rich crystal chemistry 1 , and among them the series 
involving potassium and heavy rare earths crystallize in 
a layer-type structure, with orthorhombic symmetry 
Dj h (ref. 2). In KTb(Mo0 4 ) 2 the layers consist of 
Tb(Mo0 4 ) 2 groups, while the K ions link the different 
layers. We thought that application of high pressure 
might force the system into new structural arrangements, 
in view of our earlier studies on molybdate systems 3 ' 4 ! 
In fulfillment of this expectation, we find a novel 
reversible pressure-induced first-order phase transition 
at 27 kbar hydrostatic pressure, in which, surprisingly, 
the colour of the sample turns bright yellow. While the 
pressure-induced structural transition is found to be a 
common behaviour for the layered-type KLn(MoO) 
systems, the colour change is unique to KTb(Mo0 4 ),! 
We propose that the colour change is due to 4f-5d 
charge transfer in Tb, leading to the intervalence charge 
transfer from Tb 3+ Mo 6+ —» Tb 4+ Mo 5+ . 

High pressure Raman scattering measurements were 
carried out to 200 kbar on single crystal samples of 
KTb(Mo0 4 ) 2 (KTMO) in the gasketed diamond anvil 
cell, with 4 : 1 methanol/ethanol mixture as the pressure 
medium. In some experiments KTMO powder was pres¬ 
surized directly in the diamond cell up to 350 kbar 
without any external pressure medium. The pressure was 
calibrated by the standard ruby fluorescence technique. 
Optical observations of pressurized samples were made 
under a microscope. 

In Figure 1, the Raman spectra of KTMO taken in 
the diamond cell at 10 and 32 kbars are shown. The 
Raman peaks in the, 10 kbar spectrum belong to the 
normal layered DJJ (Pbcn) phase. The spectrum at 32 kbar 
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is completely different, indicating a pressure-induced 
phase transition. Actually the transition occurs abruptly 
near 27 kbars, which becomes directly evident in optical 
observations of the sample. The sample abruptly changes 
colour from colourless to a deep yellow colour, and 
contracts in the a-axis direction. The appearance of the 
sample before and after this phase transition is shown 
in Figure 2. The original crystallographic axes of the 
orthorhombic phase are marked. The dimensional con¬ 
traction of the a-axis can be seen by comparing the 
sizes of the samples in Figure 2, which were taken at 
the same magnification. The bottom picture in Figure 
2 is a photomicrograph of a directly pressurized powdered 
KTMO sample in the diamond cell, at a pressure of 
350 kbars. The differences in colour are due to the 
pressure gradient over the sample area. With increasing 
pressure the yellow colour shifts towards longer 
wavelengths in the high pressure phase, because of the 
shift of the absorption band. The Raman spectral features 
remain more or less the same up to the highest pressure 
studied, except that the Raman peaks shift to higher 
frequency. In Figure 3 we show a plot of the Raman 
peak frequency as a function of pressure. The phase 
transition is clearly seen from the discontinuous changes 
in the Raman spectrum. 

The Raman peaks of the ambient pressure phase of 
KTMO can be assigned from the Raman spectrum of 
the isostructural KY(Mo0 4 ) 2 , which has been studied 
and analysed in great detail using group theoretical 
techniques 5 . However, the spectrum of the new high 
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Figure 2. Photomicrographs of a KTb(Mo0 4 ) 2 single crystal sample (x200) taken in a diamond anvil cell 
by transmitted light, before (a) and after (b) the 27kbar phase transition The pressure-medium was 
methanol/ethanol. The a- and the c-axes of the original phase are marked. Note the colour change to 
yellow after the pressure-induced phase transition. The sample contracts in the a-direction at this p 
transition and the single crystal nature seems to be preserved. Figure (c) shows powdered KTMO pressurize 
directly in the diamond cell at a pressure of about 350kbar. The changes in colour are due to pressure 
gradient over the sample area. See text for the explanation of the colour change. 


pressure phase appears to be more complex, although 
the gross features are consistent with the fact that the 
Mo 0 4 tetrahedral units are still the structural blocks. A 
structure determination would be necessary before the 
Raman spectrum can be analysed in detail. A preliminary 
high pressure X-ray diffraction study shows that the 
powder diffraction pattern changes near 27 kbars and 
the data fit an orthorhombic cell with 3.5% smaller 
volume per formula unit (manuscript in preparation). 
We have recorded the same type of structure change 
under pressure in the isostructural KY(Mo0 4 ) 2 and 


KDy(Mo0 4 ) 2 near 25 kbar pressure (manuscript in 
preparation). However, no colour change is observed in 
these materials. 

In the Russian literature 6 a quenchable high pressure- 
high temperature phase with the (3-KY(W0 4 ) 2 structure 
has been reported for many layer-type alkali rare earth 
dimolybdates. But our high pressure phase is neither 
quenchable nor can be indexed on the basis of the 
|3-KY(W0 4 ) 2 type structure. 

The colour change at the 27 kbar transition in KTMO 
is remarkable and is a novel feature of the material. 
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Observation of negative remanence 
in an organic ferromagnet 


Figure 3. A plot of the observed Raman peak frequencies as a 
function of pressure. The vertical dotted line demarcates the phase 
transition pressure. 

We believe that this is due to a charge transfer absorption 
(4f-5d) arising from a change in the valence state of 
Tb from 3 + to the 4 + state. The fact that Tb can exist 
in both the valence states is well known. The material 
after the phase transition is still an insulator, which 
means that the overall charge neutrality should be 
preserved. The way the charge compensation can happen 
is that the valence state of Mo becomes Mo 5+ from 
Mo 6+ . This would then be a case of intervalence charge 
transfer between Tb and Mo from Tb 3+ Mo 6+ —» Tb 4+ Mo ;5+ 
similar to the case of TIRe0 4 (ref. 7). Our picture for 
KTMO is that at the structural transition near 27 kbars 
the oxygens surrounding the Tb ion move closer to the 
terbium, causing an abrupt increase in the crystal field 
splitting of the 5d state of terbium. This brings down 
the 5d energy, facilitating 4f-5d transfer. To preserve 
charge neutrality the Mo readjusts its valence by the 
flow of electrons through the ligand. In the case of Y 
and Dy compounds, a valence change is not possible, 
and hence no colour change is observed, although an 
identical pressure-induced structural transition takes place 
in them. Thus, it is the structural transition that drives 
the charge transfer transition in KTMO and not the 
other way. 


S. A. Chavan, J. V. Yakhmi, R. Ganguly and 
V. K. Jain 

Chemistry Division, Bhabha Atomic Research Centre, Trombay, 
Bombay 400 085, India 

DC magnetization measurements on two related ferro- 
magnets, (NBu 4 ) 2 Mn 2 [Cu(opba )]3 6DMSO H 2 0 (T c = 
15 K) and (NBu 4 ) 2 Mn 2 [Cu(opba)] 3 ( T c = 22 K) reveal 
the unusual phenomenon of negative remanent mag¬ 
netization. 

The occurrence of spontaneous magnetization in mole¬ 
cular organic materials was first reported in 1986 (ref. 
1). Since then different categories of molecular fer- 
romagnets have been synthesized depending on whether 
the unpaired electrons reside (i) in p orbitals only; (ii) 
in both p and d orbitals; and (iii) in d orbitals only. 
Kahn’s group has synthesized a number of organic 
femomagnets belonging to the last category by arranging 
ordered Q1D ferrimagnetic bimetallic chains in a bulk 
lattice in such a way to achieve a net ferromagnetic 
alignment of spins 2-4 . A typical example of such a 
bimetallic chain is Mn n Cu n (obbz) • nH 2 Q [obbz = 
oxamido bis(benzoato)] with an antiferromagnetic inter¬ 
action between the adjacent local spins S M =5/2 and 
= 1/2 separated by oxamido and carboxylato bridging 
groups which transmit the magnetic effects. When 
assembled appropriately in a 3D lattice, interchain inter¬ 
actions provide ferromagnetic order below 14 K for 
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MnCu(obbz) • 1H 2 0 (ref. 4). Recently, this group has 
reported Curie temperatures up to 22.5 K by increasing 
the dimensionality of the building blocks from chains 
to MN n Cu 3 planar units in the new series of compounds 
(cat) 2 Mn 2 [Cu(opba)] 3 • S, where cat + is a monovalent 
cation, opba is orffto-phenylenebis(oxamato) and S stands 
for solvent molecule 5 . All these (cat) 2 Mn 2 [Cu(opba)] 3 • S 
compounds are soft magnets with M(H) curves exhibiting 
very narrow hysteresis loops, with coercive field of 10 
Oe or lower at 4.2 K. We have synthesized the compound 
(NBu,) 2 Mn 2 [Cu(opba)] 3 • 6DMSO • 1H 2 0, and the related 
desolvated compound (NBu) 2 Mn 2 [Cu(opba)] 3 , hereafter 
called A and B respectively, for which revalues have 
been reported to be 15 K and 22 K by Stumpf et al. . 
Our dc magnetization studies indicate negative thermo- 
remanent magnetization behaviour for both of these 
compounds, a novel phenomenon observed for the first 
time for organic ferromagnets, brief details of which 
are given in this paper. Negative remanence had, of 
course, been reported in the literature for cobalt vanadate, 
a ferrimagnet 7 . 

The sample A was synthesized following the procedure 
given by Stumpf et al A A portion of the sample A 
was heated at 175°C for about three hours under vacuum 
to remove the solvent molecules 6DMSO • 1H 2 0 and 
was called B. AC susceptibility measurements were 
made on these two samples using an A.P.D. suscep- 
tometer with EG & G Model 5208 Lock-in Amplifier 
exhibited a sudden divergence at 16 K and 22 K, respec¬ 
tively, in agreement with the reported Curie temperatures. 
DC magnetization measurements were taken using EG 
& G.P.A.R. Model 4500 Vibrating Sample Magnetometer 
fitted with a Walker electromagnet and Tidewater bipolar 
power supply both as a function of temperature, M(T) 
and applied field, M(H). A Hall-probe guassmeter was 
used to check the absence of residual field between the 
poles down to < 1 Oe. 

Zero field-cooled magnetization (ZFCM) data were 
recorded by cooling the sample down to 5 K in zero 
applied field, switching on the applied field (10 Oe) at 
this temperature and recording the magnetization while 
warming the sample up. Field-cooled magnetization 
(FCM) data were collected after cooling the sample in 
10 Oe field and recording the data while warming up, 
keeping the field on. Remanent magnetization (REM) 
data were collected after cooling the sample to 5 K 
under an applied field of 10 Oe (or higher fields, as 
required), and recording the data while warming up, 
after reducing the field to zero. 

Figure 1 shows the ZFCM, FCM and REM data as 
a function of temperature for the sample B, weighing 
42.8 mg. The literature on different ferromagnetic 
materials reports positive values of magnetization for 
all these three parameters. Hence, as per convention, 
the scale chosen for this sample was 0 to + 900 memu/g 
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to suit the FCM data which should normally have the 
higher magnitude among the three parameters. However, 
the remanence value which was about + 50 memu/g at 
5 K, dropped sharply upon warming, becoming zero at 
11.5 K and attained negative values between 11.5 
K and 20 K, becoming positive again for temperatures 
above 20 K. The complete REM plot for the sample B 
was therefore recorded again under appropriate scales 
as shown in Figure 2. The ZFCM curve for ferromagnets, 
including those belonging to the category of bimetallic 
organic ferromagnets reported thus far, always lies much 
lower than the FCM because the domain walls do not 
move freely. However, ZFCM plot for the sample B is 
only marginally lower than the FCM in the range of 
temperature, 5K<T<13K and both ZFCM and FCM 
nearly overlap for T> 13 K and even criss-cross a number 
of times (Figure 1), which is quite rare and implies 
that the domain walls are able to move rather freely. 
The observation of negative remanence is novel and 
intriguing. One obvious question that comes to mind 
is, whether negative remanence was caused by any 
residual negative field present between the pole pieces 
of the electromagnet. We have checked that the residual 
field before making any measurements is less than 1 
Oe (plus or minus). Nonetheless, in order to give further 
credibility to our data, we also present in Figure 2 the 
REM data taken on a standard Ni sample and another 
organic ferromagnet MnCu(obbz) ■ 1H 2 0 (T c = 14 K) that 
show positive values of REM, as expected. The 
remanence for the sample B continued to exhibit negative 
values and valley-like shape even at higher values of 



Figure 1. Zero field-cooled magnetization (ZFCM), field-cooled mag¬ 
netization (FCM) and remanent magnetization (REM) data as a function 
of temperature for the sample B, i.e. (NBu^MnjlCutopba)^. The 
REM plot shows negative values between 11 K and 19 K, as indicated 
by small arrows. 
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applied fields, as shown in Figure 3 typically for 100 
Oe and 500 Oe. The negative values of remanence, 
particularly, the valley-like feature has never been 



Figure 2. Remanent magnetization data for: (a) the sample B, i.e. 
(NBu^Mn^CufopbaXlj; (b) nickel standard; and (c) MnCu(obbz) • 1H 2 0. 
All these samples were cooled to 5 K in a field of 10 Oe before 
recording the data. 



Figure 3. Remanent magnetization data for the sample B after it was 
cooled to 5 K in applied fields of 100 Oe and 500 Oe, respectively, 
before recording the data. 
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reported for molecular organic ferromagnets. In fact, 
generally, the value of Curie temperature is identified 
as the temperature where the value of REM falls exactly 
to zero. Magnitudes of REM may vary among different 
polycrystalline samples of a particular ferromagnet be¬ 
cause it is generally recognized that it is influenced by 
sample-dependent factors such as the grain size and the 
shape. The valley-like feature in the REM plot indicates 
some kind of compensation behaviour between the two 
ferromagnetic sublattices, because the basic building 
blocks for our samples A and B are the ferrimagnetic 
Mn”Cu” planar units 6 . 

The M vs H plot for the sample B recorded at 5 K 
under the application of 500 Oe field is nearly an 
S-shaped curve with very little width or hysteresis 
(Figure 4). The low-field (-40Oe to +40Oe) portion 
of the M vs H plot exhibits a criss-crossing between 
the curves corresponding to increasing or decreasing 
field. The low-field portion of the M vs H plot for the 
same sample recorded at 5 K under the maximum applied 
field of 50 Oe is also shown in the inset of this figure. 

The ZFCM and FCM magnetization plots for the 
sample A showed conventional behaviour with a hump 
below T c in the ZFCM as reported by Stumpf et al. 6 , 
except that the magnitudes of ZFCM and FCM at 5 K 
were 80 and 285 memu/g in our case. The remanence 
for the sample A, too, showed negative values but no 
valley-like feature. The value of REM between 5 K and 
13 K remained nearly constant (- 285 memu/g), becoming 
zero at ~ 16 K upon warming. The M vs H plot for 
the sample A, too, showed features exactly similar to 
those exhibited by the sample B. These observations 
indicate that the unusual magnetization behaviour is 
inherent in (NBu 4 ) 2 Mn 2 [Cu(opba)] 3 assembly. The only 
other report of an unusual magnetic behaviour for a 
molecular ferromagnet is the observation 8 of a strong 
negative magnetization below 30 K for (NBu 4 )Fe u Fe m (C 2 0 4 ) 3 . 

At this stage, the mechanism giving rise to the ob¬ 
servation of negative remanence in our sample is not 
clear and is at best speculative. In general, a negative 
remanent magnetization could imply a field-induced mag- 



Figure 4. M vs H plots for the sample B recorded at 5 K under the 
application of 500 Oe (main figure) and 50 Oe (inset). 
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netization effect wherein a sample that is magnetic in 
the presence of a field, becomes diamagnetic in the 
absence of a field. However, these bimetallic organic 
magnets are known to exhibit spontaneous magnetization 
below T c even in the absence of an applied field. It is 
possible that a negative remanent magnetization arises 
in our samples A and B due to the antiferromagnetic 
coupling of hard and soft regions. 
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Candidate live oral cholera vaccine 
strains produce a new cholera toxin 

D. V. Singh, Anjali Tikoo and S. C. Sanyal 

Department of Microbiology, Institute of Medical Sciences, Banaras 
Hindu University, Varanasi 221 005, India 

When six candidate live oral cholera vaccine strains 
deleted for one or all known virulence factors are 
tested for enterotoxin production, two of them caused 
fluid accumulation in the initial rabbit ileal loop 
(RIL) test, the others did so after 1-3 serial passages 
through RIL. Culture filtrates also showed similar 
secretory response. Ten times concentrated culture 
filtrates of these strains gave precipitin band against 
anti-new cholera toxin showing reaction of identity. 
These observations clearly indicate that vaccine 
strains produce a secretogen antigenically similar to 
the new cholera toxin. 

Strains of Vibrio cholerae 01 have been reported to 
secrete a number of extracellular products, such as 
haemolysin (Hly), zonula occludens toxin (Zot), acces¬ 
sory cholera enterotoxin (Ace) including the well-known 
cholera toxin (CT) 1 . Although CT has been suggested 
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to be the factor responsible for severe cholera, however, 
if its gene is deleted the other toxic factors when present 
in some strains have been demonstrated to cause a mild 
secretory response 1 . However, it was evident from a 
recent volunteer study using a Tox-mutant of the biotype 
El Tor 01 Ogawa strain E 7946 designated CVD 110 
that was deleted of all the above toxic factors, was still 
capable of causing diarrhoea in seven of ten volunteers 2 . 
These observations clearly indicate that such strains 
produce another secretogen. 

It was shown earlier that CT gene-negative and positive 
strains of V. cholerae 01, biotype classical or El Tor, 
serotype Ogawa or Inaba of clinical or environmental 
origin or genetically engineered in the laboratory, produce 
a new cholera toxin (NCT) and the disease cholera can 
be caused by either CT or NCT or both 3 ’ 4 . An attempt 
was, therefore, made in this study to examine if the 
candidate vaccine strains of V. cholerae (obtained from 
J. B. Kaper, CVD, Maryland) deleted for one or all 
the other toxic factors produce NCT (Table 1). 

Live cells of two of the six candidate vaccine strains 
tested in ligated ileal loops of adult albino rabbits 
(Belgian strain) following the method of De and Chat- 
terjee 5 , caused fluid accumulation in the initial tests, 
the others did so after 1-3 consecutive passage/s through 
RILs (Table 2), and thereafter outpouring of fluid by 
every strain increased on each passage (data not shown). 

Culture filtrates of all the strains also caused fluid 
accumulation, although slightly less than that of the 


Table 1. Virulence patterns of candidate vaccine strains 


Vaccine 

strain 


Virulence patterns 


Parent strain CTA 

CTB 

Hly 

Zot 

Ace 

JBK 70 

El Tor N 16961 - 

- 

+ 

+ 

+ 

CVD 104 

El Tor N 16961 - 

- 

- 

+ 

+ 

CVD 101 

Classical 395 - 

+ 

+ 

+ 

+ 

CVD 105 

Classical 395 - 

+ 

- 

+ 

+ 

CVD 109 

El Tor 7946 

- 

+ 

- 

- 

CVD 110 

El Tor 7946 

+ 

- 

- 

_ 


Table 2. Enterotoxicity of the genetically engineered 

vaccine strains 

Vaccine 

strain 

Range of fluid accumulations 
(ml/cm of RIL*) 

Number of 
passages 

Live cells 

Culture filtrates 

JBK 70 

0.58-1.00 

0.54-1.2 

0 

CVD 104 

0.60-1.10 

0.56-1.1 

2 

CVD 101 

0.60-1.20 

0.50-1.0 

3 

CVD 105 

0.50-0.90 

0.53-1.2 

1 

CVD 109 

0.71-0.98 

0.66-1.0 

0 

CVD 110 

0.66-0.84 

0.60-0.9 

3 

Positive control 1 ' 

0.80-1.50 

0.92-1.4 

0 

Negative control* 

0.0 

0.0 



*Range of accumulated fluid in ileal loops of two rabbits. 
+ BHIB culture of toxigenic strain 569B of V. cholerae 01. 
*BHIB. 
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toxigenic V. cholerae 01 strain no. 569B. These data 
indicate that the genetically engineered strains, including 
CVD 110 that lacks genes of all the known toxic factors, 
except NCT, produce a secretogen. Enhancement of 
secretory response upon passage suggests that if such 
a strain circulates in the community as is expected of 
a live oral vaccine, its virulence may increase further. 

In the gel-diffusion test, 10-times concentrated culture 
filtrates of CT strain X-392 that produces NCT 3 and 
the candidate vaccine strains gave a precipitin band 
against anti-NCT showing reaction of identity (Figure 
1). This observation suggests that the secretogen produced 
by these strains is antigenically similar to NCT. 

Volunteer studies using CT and Hly, or CT, Hly, Zot 
and Ace genes deleted mutant strains did not support 
the role of Hly or other toxic factors in the pathogenesis 
of cholera, since no difference in the ability to cause 
diarrhoea was observed between them and their parent 
strains 1 . There is, therefore, every likelihood that the 
diarrhoeal episodes observed among the volunteers were 
due to the elaboration of NCT by the genetically engi¬ 
neered mutant strains. These observations indicate that 
vaccine strains produce the NCT and is supported by 
our earlier observation that anti-NCT completely neutra¬ 
lizes the enterotoxic activity of CT" strains 6 , which has 
been demonstrated to produce the NCT. 

The present results indicate that the candidate vaccine 
strains of V. cholerae 01, biotypes classical and El Tor, 
serotypes Ogawa and Inaba, are able to produce NCT 
even when the genes for CT, Hly, Zot and Ace are 
deleted and thus possess the potential to cause diarrhoea. 
These observations are important not only for our under¬ 
standing of the pathogenesis and epidemiology of the 
disease but also for developing an effective candidate 
live oral vaccine strain against cholera. 



Figure 1. Immunological identity of the NCT with candidate live 
oral cholera vaccine strains. Ouchterlony immunodiffusion analysis of 
concentrated CF of CT gene-negative V. cholerae strain X-392 (well 
1) and vaccine strains JBK 70 (well 2), CVD 104 (well 3), CVD 110 
(well 4), CVD 101 (well 5), CVD 105 (well 6) against antiserum of 
X-392 enterotoxin (NCT) (well 7). 
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Deformation tectonics of the diffuse 
Indo-Australian plate boundary 
using centroid moment tensor data 

N. Purnachandra Rao and M. Ravi Kumar 

National Geophysical Research Institute, Hyderabad 500 007, India 

The deformation tectonics of the Indo-Australian plate 
boundary has been fairly well explained by the Euler 
pole models. The Harvard centroid moment tensor 
(CMT) data concur with all the essential features 
described by these models. Additionally, it indicates 
the presence of widespread left lateral strike-slip 
faulting in the northern portion of the deformation 
zone from the Central Indian ridge up to the northern 
Ninety-east ridge, which incidentally is found to agree 
with the model of ‘Wrench Fault Tectonics*. This is 
evidenced by the presence of focal mechanisms in 
this region with a consistent left lateral strike-slip 
faulting along NE-SW fault planes which are also 
continuous with the trend of the transform faults at 
the Central Indian ridge. However, it appears that 
this shearing phenomenon only complements the over¬ 
all deformation process, but cannot explain it inde¬ 
pendently. 

Seismicity in the north-eastern Indian ocean has for long 
been considered to be too high to be intraplate. Gutenberg 
and Richter 1 first reported this anomaly followed by 
other seismicity studies of this region 2-13 . 

Sykes 4 proposed the development of a nascent island 
arc between Sri Lanka and Australia to explain the 
unusual seismicity, which was refuted by later workers 6,7 . 
Stein and Okal 6 suggested a major left lateral strike-slip 
motion along the Ninety-east ridge as a result of greater 
resistance of the western part of the Indo-Australian 
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plate against the Himalayan continent-collision zone, as 
compared to the eastern part, which subducts smoothly 
beneath the Sunda arc. 

Further evidence of relative plate motion between the 
Indian and Australian plates came independently from 
modelling of plate kinematics, using seafloor spreading, 
transform fault azimuth and earthquake slip vector data. 
The initial models of global plate kinematics assumed 
India and Australia to constitute a single plate 14-16 . 
Minster and Jordon 16 showed that there were large misfits 
in the Indian ocean region. Stein and Gordon 17 
demonstrated statistically, that a great improvement in 
the fit could be obtained by splitting the Indo-Australian 
plate along a diffuse plate boundary zone. On the basis 
of a study of historical earthquakes. Wiens 9 suggested 
that the diffuse plate boundary separating the Indian 
and Australian plates extends equatorially from the 
Central Indian ridge up to the northern Ninety-east ridge 
and further North, up to the Sumatra trench. The model 
depicts a relative plate motion described by convergence 
in general, in the deformation zone, and a left lateral 
strike-slip motion along the Ninety-east ridge. It has 
been further suggested 810 that a combined Indo-Arabian 
plate separated from an Australian plate significantly 
improves the fit. 

Using new data Gordon et a/. 18 demonstrated a sig¬ 


nificant improvement over the model proposed by Wiens 
et al . 8 . The new Euler pole was located farther east of 
the earlier pole. As a result, the new model predicts a 
N-S divergence at the Chagos bank in addition to the 
N-S convergence in the east and a left lateral strike-slip 
along the Ninety-east ridge. The predicted rates of 
convergence across the deformation zone, however, are 
seen to be greatly reduced. Global plate motion modelling 
by DeMets et al. 19 indicated similar results. 

Using new aeromagnetic data of Carlsberg and Central 
Indian ridges, DeMets et al. 20 demonstrated a remarkable 
improvement in the understanding of the Indo-Australian 
plate kinematics. The existence of distinct, rigid Indian 
and Australian plates was unambiguously resolved. The 
uncertainty of the model and the extent of the diffuse 
boundary zone are thus highly constrained. 

On the basis of seismic reflection and refraction 
studies in a portion of the deformation zone, Neprechnov 
et a/. 21 proposed a model of ‘Wrench Fault Tectonics 
for the north-eastern Indian ocean. In this model relative 
motion between the Australian and Indian plates is 
accomplished through left lateral shearing along NE-SW 
trending blocks in the deformation zone, in the direction 
of transform faulting from the Central Indian ridge 
towards the northern part of the Ninety-east ridge. This 
model, however, appears inadequate since it does not 



Fieure 1 Seismo-tectonic map of the north-eastern Indian ocean showing the distribution of stnke-shp 
SToll “d Cst ((Dissolutions. CIR, Central Indian Ridge; CLR, Chagos-Laccadive Ridge; NER, 
Ninety-east Ridge. (Modified after Wiens et al .) 
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Figure 2. Focal mechanisms represented as lower hemisphere projec¬ 
tions in the north-eastern Indian ocean, a, strike-slip; b , normal and 
c, thrust solutions. 


account for the observed large scale convergence and 
divergence in the eastern and western parts respectively 
of the deformation zone, which are very well explained 
by the Euler pole models. However, evidence for the 
most salient feature of the model, namely strike-slip 
motion along the deformation zone in the NE-SW 
direction is seen, albeit in conjunction with the Euler 
pole model, as indicated in this study. 

Other studies like gravity, bathymetry, seismic profiling 
and heat flow also indicate a diffused deformation zone 
with intense faulting and folding of sediments in appro¬ 
ximately N-S direction 11 ’ 13,21 " 25 . 

In the present study, Harvard CMT solutions in the 
north-eastern Indian ocean region were analysed and 
their implications discussed in the light of existing 
hypotheses of the Indo-Australian deformation tectonics. 

Sixty-six focal mechanism solutions of earthquakes 
from the Harvard CMT data in the north-eastern Indian 
ocean during 1977-92, were analysed. The data were 
classified into thrust, normal and strike-slip types, and 
separately examined, since this approach enables a better 
understanding of the style of deformation 26,27 . 

Figure 1 shows the distribution of 19 strike-slip, 38 
normal and 9 thrust type solutions in the study region. 
The strike-slip solutions occur mostly in the northern 
part of the deformation zone, from the Central Indian 
ridge to the Ninety-east ridge. The normal solutions 
show two distinct clusters: one along the Central Indian 
ridge and the other at the Chagos bank. The thrust 
solutions mostly occupy the southeastern part of the 
deformation zone, west of the Ninety-east ridge. Absence 
of events between 75°E and 82°E is conspicuous. All 
these features are in agreement with the location of the 
India-Australia Euler pole given by Gordon et al n and 
later improved by DeMets et a/. 20 . 

Focal mechanisms of the predominantly strike-slip, 
normal and thrust type solutions in the deformation zone 
are shown in Figures 2 a, b and c respectively. The 
tectonics of this region seems to be controlled mostly 
by the clusters of normal solutions at the Chagos bank 
and thrust solutions further east. The normal solutions 
at the Chagos bank, distinct from those on the Central 
Indian ridge, consistently indicate E-W oriented fault 
planes (corresponding to a N-S T-axis direction) while 
the thrust solutions in the east also indicate E-W fault 
planes (corresponding to a N-S P-axis direction) as 
shown in Figure 3. These two features are in good 
agreement with the divergence and convergence in the 
west and east respectively, as predicted by the Euler 
pole models. The strike-slip solutions on the Ninety-east 
ridge have NNE-trending planes in agreement with the 
strike of the ridge as well as with the known sense of 
left lateral slipping. The remaining strike-slip solutions 
are spread out with an approximately NE-SW alignment 
from the Central Indian ridge to the northern Ninety-east 
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Figure 3. T-axis orientations of the normal solutions (short lines) and P-axis onentations of the thrust 
and strike-slip solutions (long lines with circles) in the north-eastern Indian ocean. Filled and unfille 
circles represent thrust and strike-slip solutions respectively. (Strike-slip solutions along the CIR are not 
included.) 


ridge, and seem to be in agreement with shearing 
proposed by Neprechnov et al. 2 '. The supporting data, 
although sparse, quite consistently indicate NE-SW trend¬ 
ing fault planes with a predominantly left lateral strike- 
slip motion (Figure 2 a). Evidence for such a shearing 
was also indicated by Gordon et al. is although very 
few focal mechanism solutions were used. Also, their 
proposed direction of shearing is different (E—W to 
NE-SW) and is not substantiated by any other evidence. 
In this study, a correlation is brought out between these 
strike-slip solutions and the results of Neprechnov et 
al, 21 . It can be seen that these solutions are distinct 
from those close to the Ninety-east ridge which represent 
a different phenomenon. Further, these solutions are 
congruent with those on and close to the Central Indian 
ridge, both in style and sense of slip. They are also 
congruent with the known mechanisms of transform 
faulting at the ridge, indicating a continuation of the 
NE-SW trend of the transform faults into the deformation 
zone, in a left lateral shearing mechanism, as suggested 
by Neprechnov et al. 2 '. In fact, the Harvard CMT data 
seem to provide evidence for such a shearing process 
coupled with rotation kinematics described by the Euler 
pole models. 

The Harvard CMT data explain all the essential features 


of the Indo-Australian deformation tectonics, as indicated 
by the Euler pole models. Further, it indicates partial 
operation of the ‘Wrench Fault Model’ of Neprechnov 
et al 21 described by left lateral strike-slip faulting in 
the northern part of the deformation zone, along NE-SW 
trending fault planes. Continuation of the transform 
faults from the Central Indian ridge into the deformation 
zone is suggested by the presence of strike-slip solutions 
all along, and their coherence in both, direction and 
sense of slip. This process, however, cannot by itself 
explain the deformation tectonics of this region as 
proposed by Neprechnov et al. 21 , but is understood to 
supplement the Euler pole rotation models given by 
Gordon et al. iS and DeMets et al , 19 ' 20 . 

The contribution of the shearing phenomenon seems 
to be marginal because, although the focal mechanisms 
suggestive of wrench faulting are quite widespread, the 
sum of their scalar seismic moments is merely 1.5% of 
the total, with as much as 96% concentrated at the 
Chagos bank. The extension seen at the Chagos bank 
is, therefore, an important phenomenon in the deformation 
zone, which can be explained only by the Euler pole 
model. Also, the absence of observable offsets on the 
Chagos-Laccadive ridge indicates that wrench faulting 
in this region cannot be occurring on a large scale. 


CURRENT SCIENCE, VOL. 70, NO. 3,10 FEBRUARY 1996 


241 




RESEARCH COMMUNICATIONS 


Several questions remain unanswered and detailed 
modelling studies would be required to completely 
understand the mode of deformation. The extremely 
high level of seismicity seen at the Chagos bank, remains 
an open question. The Euler pole models discussed, do 
explain the divergence at the Chagos bank, but fail to 
explain why normal faults are clustered here and not 
distributed west of the Euler pole. Further, the proximity 
of the Euler pole to this cluster of intense seismicity 
calls for an explanation. Verification of the model 
predictions can be directly made with the help of space 
geodetic techniques like Very Long Baseline Inter¬ 
ferometry (VLBI), Satellite Laser Ranging (SLR) and 
Global Positioning System (GPS). The possibility of 
incipient subduction in the north-eastern Indian ocean 
cannot be ruled out, although the evidence at present 
is insufficient. 


1. Gutenberg, B. and Richter, C. F., Seismicity of the Earth and 
Associated Phenomena, Princeton University Press, Princeton, 1954. 

2. Stover, C. W., J. Geophys. Res., 1966, 17, 2575-2581. 

3. Banghar, A. R. and Sykes, L. R., J. Geophys. Res., 1969, 74, 
632-649. 

4. Sykes, L. R., J. Geophys. Res., 1970, 75, 5041-5055. 

5. Stein, S., Geophys. J. R. Astron. Soc., 1978, 55, 577-588. 

6. Stein, S. and Okal, J. Geophys. Res., 1978, 83, 2233-2245. 

7. Bergman, E. A. and Solomon, S. C., Phys. Earth Planet. Inter., 
1985, 40, 1-23. 

8. Wiens, D. A. et al., Geophys. Res. Lett., 1985, 12, 429-432. 

9. Wiens, D. A., Earth Planet. Sci. Lett., 1986, 76, 350-360. 

10. Wiens, D. A., Stein, S., DeMets, C., Gordon, R. G. and Stein, 
C., Tec to n ophysi cs, 1986, 132, 37-48. 

11. Levchenko, O. V., Tectonophysics, 1989, 170, 125-139. 

12. Petroy, D. E. and Wiens, D. A., J. Geophys. Res., 1989, 94, B9, 
12301-12319. 

13. Levchenko, O. V. and Ostrovsky, A. A., Phys. Earth Planet. Inter., 
1992, 74, 173-182. 

14. Minster, J. B., Jordon, T. H., Molnar, P. and Haines, E., Geophys . 
J. R. Astron. Soc., 1974, 36, 541-576. 

15. Chase, C. G., Earth Planet. Sci. Lett., 1978, 37, 355-368. 

16. Minster, J. B. and Jordon, T. H., J. Geophys. Res., 1978, 83, 
5331-5354. 

17. Stein, S. and Gordon, R. G., Earth Planet. Sci. Lett., 1984, 69, 
401-412. 

18. Gordon, R. G., DeMets, C. and Argus, D. F., Tectonics, 1990, 9, 
409-422. 

19. DeMets, C., Gordon, R. G., Argus, D. F. and Stein, S., Geophys. 
J. Int., 1990, 101(2), 425-478. 

20. DeMets, C., Gordon, R. G. and Vogt, P., Geophys. J. Int., 1994, 
119(3), 893-930. 

21. Neprechnov, Y. P., Levchenko, O. V., Merklin, L. R. and Sedov, 
V. V., Tectonophysics, 1988, 156, 89-106. 

22. Eittreim, S. and Ewing, J., J. Geophys. Res., 1972, 77, 6413-6421. 

23. Weissel, J. K., Anderson, R. N. and Geller, C. A., Nature, 1980, 
287, 284-291. 

24. Geller, C: A., Weissel, J. K. and Anderson, R. N., J. Geophys. 
Res., 1983, 88, 1018-1032. 

25. Chamot-Rocker, N., Jestin, F. and deVoogd, B., Geology, 1993, 
21, 1043-1046. 

26. Rao, N. P., Kumar, M. R. and Chalam, S. V., in Proceedings of 
the 30th Annual Convention and Seminar on ‘Space Applications 

242 


in Earth System Science’, 21-23 December 1993, Indian Geophysi¬ 
cal Union. 

27. Kumar, M. R., Rao, N. P. and Chalam, S. V., Tectonophysics, 
1995, in press. 

ACKNOWLEDGEMENTS. We are grateful to Dr Harsh K. Gupta 
for constant guidance, useful discussions and a critical review of the 
manuscript. We thank Mr S. C. Bhatia for his useful suggestions. We 
also thank Dr A. M. Dziewonski for providing the Harvard CMT data 
required for this study. 

Received 24 July 1995; revised accepted 28 December 1995 


Influence of disturbance on fine root 
biomass and productivity in two 
deciduous forests of Western Ghats, 
Tamil Nadu 
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P. S. Swamy 

Department of Plant Sciences, School of Biological Sciences, Madurai 
Kamaraj University, Madurai 625 021, India 

The effect of anthropogenic disturbances on fine root 
biomass levels, net primary productivity (NPP) and 
distribution was studied in two deciduous forests of 
Western Ghats in Tamil Nadu, and it was found that 
the disturbances such as annual wild fire and cattle 
grazing enhanced the very fine root (< 1 mm) standing 
crop biomass and NPP. This could be due to the 
rapid re-occupation of land by a grass cover. Small 
scale disturbances such as canopy openings lowered 
the levels of very fine root biomass and NPP. This 
could be attributed to alteration in the edaphic 
environment. The marginal decline of fine root (> 1 
to < 3 cm) standing crop biomass and NPP may be 
because of mortality subsequent to the disturbance. 
Below-ground NPP showed seasonal variation during 
the study period. It has been concluded that the 
annual wild fire and cattle grazing enhances very 
fine root biomass and NPP, and also confirms the 
theory that the above-ground gap creates below¬ 
ground gap in deciduous forests. 

Understanding of the fine root dynamics is necessary 
for addressing important issues at several levels of 
resolution in biology 1 . Greater proportion of the fine 
roots of many forests is located in the upper soil horizons 
and undergo rapid change due to disturbances. 
Anthropogenic disturbances create heterogeneity in 
edaphic environment. Very few studies have addressed 
the effects of disturbance on fine root dynamics in 
tropical forests. Raich 2 found similar amounts of fine 
root biomass in small, cleared plots after one year and 
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adjacent intact forest in' a lowland wet tropical forest 
in Costa Rica. Total fine root biomass was similar or 
somewhat lower in the disturbed area (treefall gap) 
when compared to intact forests during the first two 
years and the rate of root biomass accumulation tends 
to decrease as the size of area disturbed increases 
On the contrary, Yin et al. 6 reported that the disturbed 
(clearcut) forest had significantly greater fine root 
biomass and production as compared to undisturbed 
forests. Information on the fine root biomass following 
disturbance events in tropical deciduous forests is meagre. 
Our studies indicate that disturbances such as annual 
wild fire and cattle grazing enhance very fine root 
biomass and net primary productivity. But it declined 
under canopy openings. However, fine root biomass was 

lowered. o 

The study areas are located on Alagar hills (lO’O'N 
and 75°55'E) in Madurai district and Kodayar hills 
(77° 15' E, 8°29'N) in Kanyakumari district in Western 
Ghats of Tamil Nadu at 200-250 m and 300-365 m 
MSL elevations respectively. Annual rainfall in Alagar 
hills and Kodayar hills during the study period was 
1087 mm and 3146 mm respectively. January to March 
represent relatively dry months. Average monthly maxi¬ 
mum and minimum temperatures varied between 38°C 
and 26°C in summer and 28°C and 24°C in winter 
respectively. Two study sites (one each in disturbed and 
undisturbed sites) were selected in the deciduous forests 
at Alagar and Kodayar hills. At Kodayar hills, plant 


community is dominated by trees, such as species of 
Temiinalia, Buchanania and Pterocarpus. In disturbed 
site (affected by annual wild fire), ground cover is 
dominated by Themeda, Cymbopogon, Imperata, etc. 
(Table 1), while undisturbed site is dominated by 
Chromolaena, Helicteres, etc. In Alagar hills, plant 
community is dominated by trees, such as species of 
Ficus, Artocarpus and Tamarindus. Ground cover under 
disturbed site (cattle grazing and trampling) is dominated 
by grasses, such as Isachne and Panicum, while un¬ 
disturbed site is dominated by Pseuderanthemun, 
Physalis, etc. Open canopy areas were selected in each 
site to compare them with adjacent intact forests. While 
selecting canopy opening, care was taken to ensure 
equality in size and age (based on structure and 
composition of plant communities following 
Chandrashekara 7 ). 

Fine roots were sampled from the soil monoliths of 
15 x 15 x 25 cm size, excavated with a sharpened stain¬ 
less steel shovel. For each sampling during August 1993 
to August 1994 [in two rainy (September-December 
and May-August) and a dry (January-April) season], 
twenty monoliths were collected at random from each 
site and under open canopies. Sample monoliths were 
cut into different depths (0—5, 5—15, 15—25 cm) and 
transported to the laboratory in polythene bags for further 
analyses. Fine root biomass of each sample was deter¬ 
mined in the laboratory by wet sieve method 8 " 10 . Fine 
root net primary productivity (NPP) was estimated by 


Table 1. Site characteristics of disturbed, undisturbed and open canopies of deciduous forests in 

Western Ghats, Tamil Nadu 


Alagar hills 


Kodayar hills 


Characteristics 

Disturbed 

Open 

Tree density" 

960 

— 

(trees/ha) (>10cm GBH) 

Tree basal area" 

6.30 

— 

(m 2 /ha) 

Herb density 6 

25 

69 

(No./m 2 ) 

Herb basal area 6 

85.57 

92.78 

(cm 2 /m 2 ) 

Standing litter biomass 4 ' 
(g/m 2 ) 

228.64 

(21.42) 


SoiF 

7.00 

7.04 

(pH) 

(0.28) 

(0.08) 

Soil moisture" 

12.58 

13.21 

(%) 

(0.13) 

(1.06) 


Values in parentheses represent standard error. 

“ 10 x 10 m 2 ; n = 50 (Kershaw 28 ). 

'• 1 x 1 m 2 ; n = 20 (Kershaw 28 ). 

‘ 0.5 x 0.5 m 2 litter traps; n- 20 (Mitchell et al. ). 
d \ :2 soil water ratio; n — 10 (Allen et ai ^ ). 
e Gravimetric method; n= 10 (Allen et al. )• 


Undisturbed 

(closed) 

Disturbed 

Open 

Undisturbed 

(closed) 

910 

610 

— 

700 

14.31 

29.4 

— 

34.18 

19 

338 

124 

88 

51.18 

298.5 

192.64 

166 

396.42 

(41.62) 

384.84 

(39.24) 

— 

523.44 

(53.29) 

7.11 

(0.15) 

6.5 

(0.18) 

5.75 

(0.12) 

5.88 

(0.14) 

14.08 

(1.02) 

18.15 

(0.54) 

22.13 

(2.18) 

26.78 

(4.46) 
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sequential core (summation of positive increments) and 
ingrowth core methods 11 . 

Student-Newman-Keuls test was used to find out the 
significant difference between the sites, microhabitat and 
the seasons. 

Disturbed deciduous forest at Alagar hills had sig¬ 
nificantly (PcO.Ol) higher very fine root standing crop 
biomass and seasonal primary productivity (estimated 
by both sequential core and ingrowth methods) compared 
to that under undisturbed site (Table 2). A similar trend 
was observed in the Kodayar hills, except during the 
second rainy season (May-August). Whereas, the fine 
root biomass was comparatively higher under the un¬ 
disturbed sites to that of disturbed sites in both the 
locations, however, annual NPP of very fine root was 
significantly (P<0.05) higher under the disturbed sites 
than in the undisturbed sites in both forests. On the 
contrary, the reverse trend was observed for fine root 
NPP. 

In closed canopies, very fine root standing crop 
biomass and seasonal primary productivity were sig¬ 
nificantly (PcO.Ol Alagar hills; P<0.05 Kodayar hills) 
higher compared to those from under open canopies 
(Table 3). A similar trend was observed for fine root 
biomass and seasonal primary productivity (P < 0.05) at 
both the locations. Under closed canopies, NPP of very 
fine and fine roots were also significantly (P < 0.01 
Alagar hills; P < 0.05 Kodayar hills) higher compared 


to those from under open canopies. Very fine and fine 
root standing crop biomass and NPP was maximum 
during the first rainy season (September-December) and 
minimum in the dry season (January-April). 

Recurrence of annual wild fire alters the course of 
the succession by giving an advantage to certain species 
over others such as Themeda in the present case 12,13 . 
Staterson and Vitousek reported that the fine root biomass 
was higher in savannah than in the forests 14 . Higher 
fine root biomass and NPP at disturbed site in the 
present study could be attributed to positive effects of 
annual fire 15,16 . Similarly, Hadley and Kieckhefer 17 and 
Pandey 18 reported that the below-ground biomass and 
productivity in the first year after the annual fire exceeded 
that of unburned plots. 

The biotic stress such as cattle grazing and trampling 
alter species composition of many plant communities 
and results into a change in fine root dynamics 19,21 ?. 
Similarly, Lorenz and Rogler 21 reported that below¬ 
ground biomass and turnover is affected in constantly 
cattle-grazed sites. The present study indicates that 
moderate grazing and trampling enhances the very fine 
root biomass and NPP. This is in confirmation with 
other reports available on Indian grasslands 22,23 . 

Fine root biomass and NPP were significantly 
(P < 0.05) greater under the undisturbed sites than in 
disturbed sites of both the forest locations, which could 
be attributed to high tree density and basal area along 


Table 2. Seasonal variation in very fine and fine root standing crop biomass (g/m 2 ) and net primary 
productivity (NPP) in disturbed and undisturbed deciduous forests in Western Ghats of Tamil Nadu 


Criteria 

Season 

Alagar hills 

Kodayar hills 

Disturbed 

Undisturbed 

Disturbed 

Undisturbed 


Rainy I 

332 ±72 

90 ±18 

588 ± 46 

392 ± 52 


(Sep.-Dec.) 

2.72* 

0.72* 

4.82* 

3.69* 



0.73** 

0.41** 

1.07** 

0.88** 

Very fine root biomass 

Dry 

181+21 

65 ±7 

217 ±34 

164 + 23 

(< 1 mm) 

(Jan.-Apr.) 

1.84* 

0.53* 

2.39* 

3.2* 



0.31** 

0.28** 

0.39** 

0.33** 


Rainy II 

224 ±22 

82 ± 8 

257 ± 35 

300 ±39 


(May-Aug.) 

1.92* 

0.69* 

2.28* 

2.6* 



0.51** 

0.38** 

0.69** 

0.52** 


Rainy I 

104 ±25 

117 ±11 

124 ±25 

206 ±18 



0.85* 

0.96* 

1.24* 

1.69* 

Fine root biomass 

Dry 

75 ±8 

83 ±9 

109 ± 13 

163 ±22 

(> 1 to < 3 mm) 


0.51* 

0.62* 

0.98* 

1.39* 


Rainy II 

93 ±9 

101 ±10 

184 ±32 

169 ±13 



0.79* 

0.89* 

1.51* 

1.7* 

Annual NPP (g/m 2 /year) 






Very fine root NPP 


393 

164 

666 

604 

Fine root NPP 


135 

157 

247 

271 

Ingrowth NPP 


177 

136 

262 

210 


* Seasonal productivity (g/m 2 /day) estimated by sequential core method. 
**Seasonal productivity (g/m 2 /day) estimated by ingrowth core technique. 
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Table 3. Seasonal variation in very fine and fine root standing crop biomass (g/m 2 ) and net primary 


Criteria 


Very fine root biomass 
(< 1 mm) 


Fine root biomass 
(> 1 to < 3 mm) 


Annual NPP (g/m 2 /year) 
Very fine root NPP 
Fine root NPP 
Ingrowth NPP 


Season 

Alagar hills 

Kodayar hills 

Open 

Closed 

Open 

Closed 

Rainy I 

41 ±6 

90 ±16 

349 1 46 

392 ±54 

(Sep.-Dee.) 

0.42* 

0.72* 

3.44* 

3.69* 

0.21** 

0.41** 

0.82** 

0.88** 

Dry 

29 ±4 

65 ± 7 

120115 

164123 

(Jan.-Apr.) 

0.34* 

0.53* 

2.56* 

3.2* 

0.17** 

0.31** 

0.28** 

0.33** 

Rainy II 

36 ± 4 

82 ±8 

258139 

300139 

(May-Aug.) 

0.38* 

0.69* 

2.29* 

2.6* 

0.2** 

0.38** 

0.42** 

0.52** 

Rainy I 

57 ±11 

117 ± 11 

140 ±32 

206 ±18 

0.46* 

0.96* 

1.17* 

1.69* 

Dry 

45 + 5 

83 + 9 

61 ±11 

163 ±22 

0.39* 

0.72* 

0.69* 

1.39* 

Rainy II 

51 ±5 

101 ±10 

109 ±22 

169 ±13 

0.44* 

0.89* 

1.35* 

1.70* 


106 

164 

580 

604 


65 

158 

263 

271 


70 

136 

186 

210 


* Seasonal productivity (g/m 2 /day) estimated by sequential core method. 
♦"-Seasonal productivity (g/m 2 /day) estimated by ingrowth core technique. 


Table 4. Fine root standing crop biomass (g/ m 2 ) in different disturbed and undisturbed forest ecosystems 
—— Standing crop biomass (g/m 2 ) 


Forest 

Location 

Diameter 

Deciduous 

Alagar hills 
India 

<1 



>1 to < 3 

Deciduous 

Kodayar hills 
India 

<1 



>1 to <3 

Dry deciduous 

Varanasi 

India 

<1 

Tropical 

Costa Rica 

<2 

Shortgrass steppe 

Colorado 

All 

Subtropical wet 

Puerto Rico 

<2 



<1 

Hardwood 

USA 

All 


Undisturbed 

Disturbed 

Source 

65-90 

181-322“ 

29-41* 

Present study 

83-117 

75-104“ 

45-57* 

Present study 

164-392 

217-588' 

120-349* 

Present study 

163-206 

109-184' 

61-140* 

Present study 

169 

171" 

Singh and Singh 27 

139.9 

89.7* 

Sanford 3 

450 

90* 

Hook et al. 5 

294 e 

344' 

Silver and Vogt 24 

204 / 

168 / 


406.9 

226.7 s 

288" 

Kangas 31 

530 

640 1 

980* 

Yin et al. 6 


Cattle grazing; 
after one year; 
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with greater litter accumulation. Lower values detected 
in the disturbed sites may be due to high mortality and 
rapid turnover of fine roots 9 . 

The canopy openings alter edaphic environment such 
as soil moisture, soil temperature, light availability and 
nutrient cycling, which are ultimately reflected in fine 
root dynamics (Table 4) 3 - 5 ’ 9 ’ 24 . Ewel et ai 25 found no 
significant differences in fine root biomass 11 weeks 
following gap creation. A similar trend was reported in 
a low-land wet tropical forest of Costa Rica by Raich 2 . 
On the contrary, it has also been reported that fine root 
biomass and NPP in top 30 cm of the soil were much 
lower in openings in all sizes than under plants and 
declined steeply as opening size increased 3 " 5,24 . Lower 
levels of very fine and fine root biomass and NPP 
under canopy openings confirm and support the theory 
proposed by Wilczynski and Pickett 10 that the above¬ 
ground gap creates below-ground gap. This could be 
attributed to faster turnover rates 9 . Greater very fine 
and fine roots biomass and NPP under intact forests 
(closed canopies) could be attributed to greater litter 
accumulation along with higher tree density and basal 
area as suggested by Visalakshi 26 . 

Pattern of seasonal variations in root biomass and 
NPP (maximum during first rainy season and minimum 
in the dry season) observed in the present study is also 
in confirmation with others 26,27 , and could be attributed 
to changes in edaphic environment such as soil moisture, 
soil temperature, litter accumulation and root turnover 5,9 . 

The present study thus reveals that disturbances such 
as annual wild fire and cattle grazing enhance very fine 
root biomass and NPP and also confirms the theory 
that the above-ground gap creates below-ground gap in 
deciduous forests. 
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Contrasting ultrastructures in the 
eggshells of olive ridley turtles, 
Lepidochelys olivacea, from 
Gahirmatha, Orissa 

G. Sahoo, B. K. Mohapatra, R. K. Sahoo and 
P. Mohanti-Hejmadi* 

Regional Research Laboratory, Bhubaneswar 751 013, India 
^Department of Zoology, Utkal University, Bhubaneswar 751 004, India 

Normal and abnormal sized eggshells of olive ridley 
turtles, Lepidochelys olivacea , from Gahirmatha have 
been studied for ultrastructural characteristics. Fresh 
eggshells exhibit nodular shell units on the upper 
surface followed by a membranous network of fibres 
and a thin shell membrane. These structures are 
not seen in hatched eggshells as the calcium is re¬ 
sorbed during embryonic development. Abnormal 
shells do not show any such structure excepting 
disoriented fibres in its lower surface due to inade¬ 
quate calcification. 

The eggshell is a mediating boundary and together with 
other features it contributes to the isolation of the 
embryo from the nesting environment. Modifications of 
the shell structure have probably evolved for functional 
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smoothness and evolutionary adaptations. It might 
reasonably be anticipated that the eggshells of marine 
turtles would show even greater structural variation 
concomitant with the laying habits, temperature and so 
on. The marine turtle eggshells fall within the category 
of” ‘softshelled’ eggs 1 ' 2 . Extensive studies have been 
carried out on the ultrastructure of green 3 ' 4 , leatherback ~, 
loggerhead 2 and Kemp’.s ridley 1 sea turtles. Although 
olive ridley, Lepidochelys olivacea, is the most abundant 
sea turtle and Gahirmatha (Orissa) is the world’s largest 
rookery of this species 8 , no report on its ultrastructural 
morphology is available in the literature. Here we 
describe briefly the eggshell ultrastructures of these 
turtles. 

Eggshells from normal (both fresh and hatched; cir- 
cular, 36.1-39.5 mm diameter) and abnormal (oblong, 
very’small: 8.5x11.5 mm, 3.26 g; and very large: 
46.5 x 80.0 mm, 58.32 g) eggs were collected from the 
Gahirmatha nesting rookery during the 1993 nesting 
season and were subjected to XRD (Philips PW-1700) 
and SEM (JEOL, JSM 35 CF) studies. 

In general, the olive ridley turtle eggshell contains 


solely aragonite (CaCO.) crystallites. This is in contrast 
to that of other marine turtles where traces of calcite 
and vaterite along with aragonite have been reported. 
In case of leatherbacks, all the three crystal forms of 
calcium carbonate (calcite, aragonite and vaterite) and 
in green turtles, both calcite and aragonite are present. 

In a normal eggshell of the fresh kind, the outer 
inorganic surface exhibits a rough granular structure. 
The nodular shell units are very distinct which is in 
contrast to those reported for Caretta caretta 9 or Dermo- 
chelys coriacea' 0 where they are ill-defined. Two types 
of structures are observed on this surface: micronodules 
which give the coarse granular appearance; and spicules 
which vary in size and are also arranged in different 
planes (Figure 1 a). The arrangement of the shell units 
is not compact and thus results in pore-like open spaces 
of varying sizes. Such type of pores are present in 
loggerhead 9 and Kemp’s ridleys 1 , but are absent in 
leatherbacks 10 . The pores are interrupted by the spicules 
and are meant for gaseous exchange and water absorp¬ 
tion 11 which is essential during embryonic development. 
The inorganic surface is followed by a layer of inter- 



Figure 1 a-d. Electron micrographs of normal eggshells* of '’^^surface'of fresh 1 eggsheU showing the 
fiSf Upp* surface of hatched eggshell. 4, Lower surface 
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woven fibrils, which are organic in nature, frequently 
branched, ramifide, exhibit a netted structure (Figure 1 b) 
and these fibres are similar in composition to avian 
eggshells . Specific positions of these fibres probably 
act as nucleation sites on which the calcification begins 3 . 
These fibres are flexible and stretch when the egg 
diameter increases during incubation. Below the fibres 
there is a very thin organic basement membrane through 
which the internal fibrilar network is visible in ventral 
view (Figure 1 b). In olive ridley, like other chelonians 
the shell membrane is single-layered and not paired as 
observed in bird’s eggshell 12 . 

TJe outer surface of a hatched eggshell, even at 
higher magnification, does not show any organized struc¬ 
ture and is rather homogenous with fused granules 
(Figure 1 c). The surface is obscured by minute spherical 
or amorphous masses. Partial alteration of hatched egg¬ 
shells of Caretta caretta has also been reported “by 
Schleich and Kastle 2 . This sort of disruption of structures 
is due to the resorption of calcium from the shell. 


Similar alteration in eggshell ultrastructure in developing 
embryos due to utilization of calcium reserve has been 
reported in domestic fowl 13 and leathery (Dermochelys 
concicja) and softshell turtles (Trionyx spiniferus) 15 . 

he fibrilar network of the inner surface is not visible 

as it is covered by a dense, structureless thick laver 
(Figure 1 d). 

The abnormality of the eggs is mainly in the form 
and extreme size, small or large or in the form of two 
or more eggs joined together 16 . These eggs never hatch, 
there is no report on the structure of abnormal eggshells 
of any marine turtle. In case of abnormally small egos 
the calcification of the shell is incomplete and present 
m the form of a very thin layer through which the 
inner surface is clearly visible (Figure 2 a). No crystal 
growth is discernible on its upper inorganic surface. 
The lower organic surface consists of widely spaced 
fibres and microglobules without the basement mem¬ 
brane. The fibres are of uneven thickness, irregularly 
arranged and show branching (Figure 2 b). Tiny globules 



m f oi “ •• ^ *.«, 

surface of a very small eggshell. Disoriented fihrik Lr \ cacar< ~° as ia y er covers the fibrous network, b , Lower 
eggshell. Remnants of calcareous layer (black) is seen overTtnn U ^ *** C * Upper surface of a vei 7 large 
to interconnection, d , Lower surface of a verv la rap , ,, . p n gy mass - Pores appear thin and elongated due 

in a trellis pattern. ^ ^ eggshe11 ln whlch the PanUld bifurcated fibrils are airanged 
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are associated with these fibres and seem to be the 
nucleation centres for crystal growth. The abnormally 
large eggshells are also without any crystal or nodular 
structure on its outer surface. Remnants of a calcareous 
layer as small patches are seen over a spongy mass 
(Figure 2 c). Pores are interconnected and appear elon¬ 
gated. The fibrilar network in the lower surface is 
remarkable. The fibres are bifurcated and run more or 
less parallel to each other in the form of a trellis pattern 
(Figure 2 d). These parallel fibres are further perpen¬ 
dicularly crossed by similar fibrils at regular interval. 

Thus, the olive ridley eggshells, though appearing 
alike externally, show contrasting ultrastructures. Dis¬ 
similar structure is observed not only amongst normal 
and abnormal shells but also between fresh and hatched 
ones. Fresh shells consist of an outer inorganic calcareous 
layer with nodular units and an inner organic layer 
which is represented by a profuse mat of fibrilar network. 
The eggshells undergo drastic ultrastructural changes 
during incubation like those of Aves and other turtles 
as a result of resorption of calcium from the shell. The 
abnormal eggs do not show any crystalline structure 
probably due to improper growth and inadequate calcium 
deposition. 
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Green Business Opportunities. A 
quarterly brought out by the Confedera¬ 
tion of Indian Industries, Environment 
Management Division, India Habitat 
Centre, Zone IV, IV Floor, Lodi Road, 
New Delhi 110 003. 1995. Vol. 1. Annual 
subscription: India Rs 250, Overseas US 
$30. 


Having seen three of the first four issues 
(the July-September issue did not reach 
the Current Science office), I have very 
positive comments for this magazine. Its 
objective is to provide solutions to trans¬ 
late awareness of the ecological crisis 
into a commitment. The contents of these 
three issues - information on new tech¬ 
nologies, case studies of sound environ¬ 
ment management and most importantly, 
a highly useful feature on ‘waste 
exchange’ show that these objectives have 
been very successfully achieved. 

To begin with, Green Business Oppor¬ 
tunities addresses a long-felt and crucial 
need for a forum where industries can 
discuss the environment-related problems. 
The importance of this at the present 
time cannot be overemphasized. Secondly, 
it identifies the most important insight in 
the very first sentence of the very first 
editorial - ‘The key factor in environmen¬ 
tal management is the human element.’ 
It rightly points out the pleasure we take 
in crisis management, and stresses the 
need to see to it that environment-related 
crisis does not arise. Thirdly, it seems 
to practice what it preaches - editorial of 
the second issue points out (in addition 
to the overwhelming response for the first 
issue!) the suggestion they had received 
for using recycled paper for the magazine, 
and the fact that they have indeed done 
so. This is apparent from the quality of 
the cover page. 

The regular features contain Policy 
Round Up - a set of informative articles 
and discussions on topics relevant to the 
policy aspects of environmental manage¬ 
ment (e.g. Montreal Protocol). The face- 
to-face section has a detailed interview 
with someone with considerable experi¬ 
ence and expertise in the field. The usual 
news/events section describes forthcoming 
meetings/workshops etc. Somewhat simple- 
minded cartoons expounding well-known 
platitudes act as fillers. 

One of the most important sections - 
wealth from waste - describes case studies 
of effective environment management. 


Some very heartening success stories of 
reduction in boiler oil consumption, recyc¬ 
ling of waste water, etc. should give the 
necessary impetus for other industries to 
follow suit. 

The utility of this magazine is further 
enhanced by the ‘waste exchange’ bank, 
which describes-in a well-designed 
format - wastes available for disposal (e.g. 
filter press cake, fly ash) from some of 
the industries, which could serve as input 
to other industries. The readers’ service 
card enclosed with every issue would 
make it even easier for readers to request 
for specific information - such as the new 
‘green’ technologies described in every 
issue. 

On the whole, this would be a very 
welcome addition to the libraries which 
cater to readers interested in environmen¬ 
tal science and technology, besides being 
of great use as a source of business 
opportunities. 

N. V. Joshi 

Centre for Ecological Sciences , 

Indian Institute of Science, 

Bangalore 560 012, India 


Paleobotany: Plants of the Past, their 
Evolution, Paleoenvironment and 
Application in Exploration of Fossil 
Fuels. Sripad N. Agashe. Oxford and 
IBH, 66 Janpath, New Delhi 110001. 
1995. pp. x + 359. Price: Rs 150. 


Palaeobotany is potentially the university 
course with a very wide general appeal 
in both the plant and earth sciences. It 
is one of the most cro^s-disciplinary of 
all the sciences, encompassing as it does 
knowledge of plant biology, historical 
geology, stratigraphy, meteorology, 
biochemistry, etc. and deals with every¬ 
thing from origin of life to evolution of 
angiosperms, from climates of the past 
to search for oil- and coal-deposits. 
Because of encyclopaedic complexity of 
the subject, very few people have a really 
adequate grasp of the subject, and still 
fewer know how to write about it. Most 
of the acclaimed palaeobotany texts pub¬ 
lished so far, whether it was Chester 
Arnold’s An Introduction to Paleobotany 


(1947), Sergei Meyen’s Fundamentals of 
Palaeobotany (1987) or Tom and Edith 
Taylor’s The Biology and Evolution of 
Fossil Plants (1993), put emphasis on 
palaeobotany in its classical aspect, that 
is, enumeration and description of dif¬ 
ferent categories of fossil plant taxa 
recorded from various geological time 
slices, and their inter-relationships. A 
great majority of the examples used in 
these texts is from the western countries 
and of little importance to students in 
India. Except for Henry Andrews’ Prin¬ 
ciples of Paleobotany (1960), in no other 
textbook, palynology, that is, study of 
pollen, spores, dinoflagellate cysts and 
other microfossils finds an important 
place, although it has emerged as an 
important tool in the search for coal- and 
oil-deposits. One, therefore, had great 
expectations from Sripad Agashe’s book 
Paleobotany: Plants of the Past, their 
Evolution, Paleoenvironment and Applica¬ 
tion in Exploration of Fossil Fuels . 

The book is not difficult to read but 
the subject matter is often incoherent. It 
appears as if audio-tapes of class-room 
lectures were transcribed and printed 
without much editing. Many a chapter 
reads like a review article. Some of the 
information seems to be disinformation. 
For example, ‘Plant remains which are 
younger than 1 million years are normally 
studied in archaeology’ (p. 1). Now 
archaeology is the study of life of the 
ancient peoples and reaches back in time 
only for a few thousand years; ar¬ 
chaeological botany is concerned only 
with those plant remains which indicate 
human activity. In the Catalogue of Indian 
Fossil Plants (1976) pub 1 by Birbal 
Sahni Institute of Pc ^otany, all 
vegetative remains that are older than 
Historic Period are considered as fossil 
plants. Similarly, ‘primary objective of 
studying paleobotany is to satisfy the 
curiosity of human mind ...’ (p. 2), is 
too simplistic a statement which may 
have been true during the time of the 
pioneers. On p. 46 the primary purpose 
of studying plant fossils changes ‘to com¬ 
pile a complete story of plant evolution 
on the earth’s surface’; it is not clear if 
the plant evolution in the waters (life 
originated in the oceanic waters only) is 
excluded. ‘Preservation and types of fos¬ 
sils, paleobotanical techniques used in 
studying them, geological time scale, 
methods to determine geological age of 
rocks and fossils .. .’ hardly qualify as 
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‘basic principles of paleobotany’ (p. 2). 

It is also not judicious to teach the student 
that Luck is ‘an important, almost essen¬ 
tial factor’ (p. 3) in studying fossil plants, 
or that The exact origin of the earth has 
puzzled the man ever since he appeared 
on the earth’s surface’ (p. 9). One does 
not really know the thought process of 
the earliest man. D. C. Bharadwaj, K. M. 
Lele, B. S. Venkatachala and Vishnu- 
Mittre are counted amongst students of 
Birbal Sahni; T. S. Mahabale, D. D. Pant, 
A. R. Rao, S. D. Saksena, V. B. Shukla 
and B. S. Trivedi are reported to have 
been trained at the Institute of 
Palaeobotany; A. K. Ghosh is said to 
have taken palaeobotany to Calcutta from 
Lucknow; R. N. Lakhanpal (1970) is 
included amongst those who gave his¬ 
torical accounts of Indian palaeobotany; 
Shaila Chandra is counted among those 
who worked exhaustively on Deccan In- 
tertrappean flora; and India is projected 
as a southern continent. None of this is 
borne out by available information. 

Chapters 3 and 4 deal with topics with 
which the author apparently is least 
familiar. In Chapter 3, the radius of the 
earth is given as 4700 miles, and its 
diameter as 7927 miles. We were taught 
that diameter is twice the radius! And, 
did we not switch over to the decimal 
system of measurements long back? The 
statement ‘it is historical geology which 
deals with the geological history of the 
earth’ is a non-statement. The author goes 
on to state that a simple protoatmosphere 
was created out of earth’s original at¬ 
mosphere as if protoatmosphere does not 
mean the original atmosphere. The 
author’s definition of the term geology 
‘as the science of the earth’ is also 
pedestrian. Even Webster has given a 
better meaning - ‘the science dealing with 
the earth’s crust and the development of 
its layers, including the study of rocks 
and fossils’. The Geological Column and 
the Geological Time Scale discussed in 
Chapter 4 have many flaws. Foremost is 
the time of origin of the earth which 
varies from 4500 Ma (p. 18) to 4600 Ma 
(p. 21) to 4500-5000 Ma (p. 77). Jim 
(James Morton) Schopf is credited to 
have made very significant contribution 
to Precambrian palaeobotany. Actually, it 
is his son Bill (James William) Schopf. 
Only one record from India finds mention 
in the Chapter on Precambrian biota; but 
an Eocene record of Escherichia coli is 
included in the same chapter. Dates and 


authors of some of the geological systems 
are also wrongly ascribed. Permian Sys¬ 
tem was named by Roderick Impey Mur¬ 
chison in 1841 and not in 1814. The 
term Jurassic was coined by Alexander 
von Humboldt (1795) and not by William 
Smith (1797-1815); Jurassic was recog¬ 
nized as a system by Leopold von Buch 
in 1839. The term Tertiary is to be 
ascribed to Arduino (1760) and not to 
Adolphe Brongniart. Even the discussion 
on Indian Geological Time Scale contains 
several obsolete terms, such as, Purana, 
Dravidian, and Aryan eras. The terms 
‘system’, ‘series’ and ‘stages’ have been 
recklessly used. Division of Barren 
Measures into Kulti stage and Ironstone 
shales, and of Raniganj series into 
Mahuda, Raniganj and Kamti stages (p. 
205), and inclusion of Kamthi series in 
the Middle Gondwana (p. 237) are unique 
to this book. The author seems to be 
confused between relative age and 
absolute age of the rocks/fossils. 
Dendrochronology (tree-ring study) does 
not give absolute age of the wood in the 
geological time scale; at best it gives the 
age at which the tree died, and may also 
reflect upon certain known chronological 
episodes/events. The same is true for 
growth rings in certain animal shells, and 
for varves. 

Chapter 5 on the types of fossil plants 
and techniques for study deals with a 
very important aspect of palaeobotany, 
but is one of the most incoherent of all 
the chapters. Otherwise, who would write 
about site of active sedimentation (pp. 
46 and 298), or immediate burial for 
preservation as fossils (p. 47), or con¬ 
solidation of sediments due to water 
evaporation (p. 48), or petrifaction as one 
of the most common types of fossil with 
much of the original organic matter 
preserved (p. 52), or impressions with or 
without organic carbon (p. 210), etc. 

Even the system of classification of 
the Plant Kingdom discussed in Chapter 
7 has many errors. Firstly, the term 
Tracheophyta was not formally proposed 
as a taxon of Division rank by Eames 
(1936). Secondly, Pteropsida of Eames 
included Filicineae, Gymnospermae and 
Angiospermae, whereas, the author has 
wrongly equated Pteropsida with the 
Ferns. In fact, the student needs to be 
taught about newer ideas about the status 
of the Plant Kingdom itself, out of which 
four independent kingdoms, namely, 
Monera, Protista, Fungi and Plantae have 


been carved out. This would have avoided 
reference to ‘intermediates between plants 
and animals’ (p. 295). In the arrangement 
of the text of the book the classification 
given in Table 7.1 is not uniformly fol¬ 
lowed. The author does not seem to have 
a clear concept of different categories of 
plant taxa and is frequently confused 
between taxa at the level of Division and 
Class. Some of the chapters deal with 
plant fossils at the level of major plant 
groups, such as, Fungi, Algae, Bryophyta, 
and Angiosperms, whereas, other chapters 
deal with plant fossils either at the level 
of Division or Class. There are two chap¬ 
ters on Division Pterophyta, a division 
not mentioned in Table 7.1; it probably 
refers to Class Filicopsida which is men¬ 
tioned only on p. 208. Articles of the 
International Code of Botanical Nomenc¬ 
lature are often violated. In Chapter 18, 
Division Cycadeoidophyta is placed under 
Division Cycadophyta. Division Coni- 
ferophyta has two classes, namely, Cor- 
daitopsida and Coniferopsida, but in 
Chapter 19 the latter class is not men¬ 
tioned; on the other hand Division 
Ginkgophyta is included here, and that 
too at the level of an order. Glossop- 
teridales is mentioned as an order of 
Class Pteridospermopsida under Division 
Pteridospermophyta but is not discussed. 
Its elements are, however, discussed in 
Chapter 20 under the Lower Gondwana 
flora. Even the Gondwana Flora(s), a 
subject dear to the heart of .both 
palaeobotanists and biostratigraphers in 
India is wretchedly ill-treated. In this 
chapter, Vertebraria , a known root axis, 
is described under male fmctification of 
the glossopterids, equisetale Raniganjia 
is included under Sphenophyllales, all 
known fossil woods are placed under 
Coniferales, the genus Gangamopteris 
McCoy 1875 is said to have been 
described as early as 1828 (p. 214), report 
of Cyclodendron leslii is credited to 
Surange and not to Kar, taxa of species 
rank are called as genera (p. 239). Srivas- 
tava is consistently misspelled as Srivas- 
tav, Jayasri Banerji is Jayashri Bannerjee, 
Williamsonia sewardiana is a stem 
(p. 248), author of Thinnfeldia is 

Townrow (not Ettingshausen), Order Pen- 
toxylales is included under Taxales, and 
so on and so forth. Glossopteridales, as 
an order, has received a far better treat¬ 
ment in Stewart and Roth well’s Paleo¬ 
botany and Evolution of Plants (1993). 
In the chapter on Tertiary Flora of India, 
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the comprehensive list of Deccan Inter- 
trappean plant fossils is not in the least 
comprehensive, probably because the ex¬ 
haustive review of the subject by Bande 
et al (1988) has not been relied upon. 
The same is true for the list of Lower 
Gondwana plant fossils (Table 24.1) 
which is based on information as old as 
1966 and 1974. The two chapters on 
application of palaeobotany to exploration 
of fossil fuels, though very welcome 
additions, could have been better organi¬ 
zed. Even a novice in palaeopalynology 
knows that ‘macerated sediment’ (p. 292) 
is not mounted for palynological studies, 
or that polyvinyl alcohol is not a mounting 
medium (p. 302), or that histograms can¬ 
not be drawn by qualitative analysis alone 
(p. 293). One can go on adding to this 
list of errors and omissions, which is 
large enough to confuse even a seasoned 
teacher of palaeobotany. 

Agashe’s book essentially is a poor 
imitation of its worthy predecessors. Its 
below-average production, uniformly poor 
line-drawings, often incoherent running 


matter, repetitive and many a time out 
of place statements, and umpteen printer’s 
devils are enough to keep the student at 
bay. Even the name of Adolphe 
Brongniart, Father of Palaeobotany, is 
misspelled as Adolphus Brogniart 
throughout the book. Both Queen’s and 
American spellings are used, for example. 
Paleobotany, color, and fossilised, organi¬ 
sed, etc. In expression and grammar the 
book is not better than many High School 
texts. The author claims to have given 
‘a good amount of coverage’ to Gondwana 
and Tertiary floras of India, probably that 
is why, out of the papers by Indian 
authors listed in the References, almost 
15 per cent are those of the author, rest 
85 per cent are shared by 50-odd other 
authors. The Gondwana student is not 
introduced to the monumental palaeo- 
botanical contributions of Ottokar 
Feistmantel. Recent contributions on 
Indian palaeobotany are for the most part 
not referred. A large number of the pub¬ 
lications cited in the text are not listed 
in the References; quite a few are wrongly 


cited, and not all the references are 
arranged in an alphabetical and chrono¬ 
logical order. The author and the pub¬ 
lishers are also to be faulted for not 
indicating source of a large number (> 50) 
of illustrations borrowed/redrawn from 
published literature. There is supposed to 
be a concluding chapter on ongoing 
palaeobotanical research in different 
countries, etc. (p. 2). I miss this chapter 
in the Review Copy. In spite of the all 
inclusive title, this book has failed the 
expectations of the Indian students, both 
undergraduate and the graduate. Oxford 
and IBH Publishers will be well-advised 
to withdraw this edition of the book, get 
it properly pre-reviewed and thoroughly 
edited, and only then print a new edition. 

Hari K. Maheshwari 

Birbal Sahni Institute of Palaeobotony , 
53, University Road , 

GPO Box 106 ., 

Lucknow 226 001 , India 
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ATP as a neurotransmitter 

The 1990s have been identified as 
the ‘decade of the brain’ - a device 
which permits greater funding for 
neurosciences, but at the same time 
emphasizes that our understanding 
of the chemistry and biology of neu¬ 
ral functions is poised for another 
great leap forward. The transmission 
of information via chemical or elec¬ 
trical signalling is central to the 
process of communication between 
the myriad cells of the central and 
peripheral nervous systems. Syn¬ 
apses are the specialized sites where 
neurons communicate with one. an¬ 
other and also with other cell types, 
like muscle. The two cell mem¬ 
branes approach closely, separated 
only by a small gap in the case 
of chemical synapses. Neurotrans¬ 
mitters are the small molecules se¬ 
creted by one cell, which swim 
across this medium and are recog¬ 
nized by a target receptor, that in 
turn is coupled to an ion channel 
which opens to allow ions to flow 
across the membrane. This marvel¬ 
lously complex process is orches¬ 
trated perfectly, with every 
molecular actor playing its role 
faultlessly. Information flows 
from the brain, through the spinal 
cord to the peripheral nervous 
system. The autonomic motor neu¬ 
rons of the sympathetic and para¬ 
sympathetic systems control 
the involuntary muscles around 
many internal organs including the 
heart. 

The most important of the 
‘sympathetic* neurotransmitters is 


noradrenaline (norepinephrine) lead¬ 
ing to the synonymous usage of the 
terms, ‘sympathetic’ and ‘noradr¬ 
energic’ in neurophysiology. Are 
there other molecules that may in¬ 
deed be involved in the responses of 
smooth muscle, that result from 
sympathetic activation? The answer, 
unsurprisingly, is yes. However, 
what is surprising is that the candi¬ 
date neurotransmitter is adenosine 
5'-triphosphate (ATP). To the stu¬ 
dent of classical biochemistry, 
ATP is the central molecule of me¬ 
tabolism, with most free energy 
changes in biochemical processes 
being mediated by hydrolysis of the 
energy-rich phosphotriester. Accu¬ 
mulating evidence, reviewed by 
Manchanda (page 275), argues 
strongly for an important role 
for ATP in sympathetic neuro¬ 
transmission. Are there other, as 
yet unknown, neurotransmitters? 
The search should keep another 
generation of neurophysiologists 
busy. 


P. Balaram 


What can you do with a pair of 
binoculars? 

The quality of our scientific work is 
often limited by the non-availability 
of sophisticated equipment. Fortu¬ 
nately, there are some areas of biol¬ 
ogy where exciting and important 
work can be accomplished with little 
or no equipment and it would be 


silly not to focus our attention to 
such areas and free ourselves for 
once, from the feeling that we can¬ 
not compete with developed coun¬ 
tries on a level playing field. The 
article by V. Santharam (written 
from his home address!) is an excel¬ 
lent example of how to publish a 
scientific paper if you only had a 
pair of binoculars and plenty of pa¬ 
tience (page 316). The subject mat¬ 
ter of Santharam’s article is also of 
special interest. Pollination of flow¬ 
ers by bees and other insects is 
rather well known but hard data on 
bird pollination are rather limited, 
especially in the context of our 
country - although the pioneering 
work by Priya Davidar, referred to 
in Santharam’s article, is a notable 
exception. Santharam watched the 
flowers of Helicteres isora , a large 
shrub in the Mundanthurai Tiger 
Reserve in Tamil Nadu for all the 
animal visitors they received and 
noted not only what they were but 
also whether they were pollinators, 
thieves or robbers! He did this for 
five days from 7 am to 5 pm, a short 
time for a scientific study by any 
standards but considering how much 
he has learnt from this short study, 
one can only conclude that the po¬ 
tential for such work is enormous. 
Apart from providing useful data on 
bird pollination in general, such 
studies will make it possible for our 
students to be shown real-life data 
from an Indian setting - they must 
be quite tired of reading only about 
studies conducted elsewhere. 

Raghavendra Gadagkar 
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Young scientists scheme 

Umesh R. Desai deserves to be con¬ 
gratulated for his thought-provoking 
observations and excellent suggestions 
on the Young scientists (YS) scheme of 
the Department of. Science and Tech¬ 
nology ( Curr. Sci ., 1995, 69, 893-894). 
I must at the outset agree with Desai 
about the rather disappointing delay in 
the processing of YS proposals. In my 
own case, for example, more than two 
years elapsed between the initial appli¬ 
cation for funding and the receipt of 
first instalment of funds ^commence¬ 
ment of the project). As a result, the 
project was initiated and completed 


when I was not so young according to 
the YS scheme criteria (below 35 years). 

On the other hand, the YS project was 
of immense help to me in initiating 
studies which have now given us a new 
direction in our research endeavours. 
Also worth mentioning are the Group 
Monitoring Workshops which really are 
brain-storming sessions held regularly 
to assess the progress of work of each of 
the projects. These are conducted in a 
most serious manner and younger sci¬ 
entists usually benefit from the con¬ 
structive criticism offered by the experts 
panel. I am sure the YS scheme, over 
the past few years, has been instrumen¬ 
tal in giving a tremendous boost to the 
confidence of young researchers, espe- 


CORRESPONDENCE 

cially those desirous of working in areas 
not necessarily widely pursued in India. 

Implementation of the suggestions made 
by Desai will however, make the DST-YS 
scheme more effective and ‘Young- 
scientists friendly’. The suggestion of in¬ 
volving ‘previous young scientists’ in 
handling the proposals is interesting and 
may prove to be beneficial although I do 
not understand the propriety of limiting 
this only to younger investigators at certain 
premier institutions. 

SURENDRA GHASKADBI 

Division of Animal Sciences, 

Agharkar Research Institute, 

Pune 411 004, India 


Crisis in Indian science 

In his incisive article on the cultural 
crisis of Indian scientific community 
(Curr. Sci. , 1995, 69, 802-808), A. N. 
Mitra has put his finger on the pulse 
of Indian science and has made a 
correct diagnosis of its maladies. But, 
unfortunately, he has not suggested any 
remedial measures for ameliorating the 
ailment. 

Mitra has rightly pointed out that the 
policy of pampering the national scien¬ 
tific laboratories at the cost of the uni¬ 
versities is the root cause of the present 
bad situation. It has reduced the prestige 
of the universities by starving them of 
funds and proper manpower required for 
their legitimate role of generating new 
ideas. In the developed countries, fun¬ 
damental research is carried out in the 
universities and the laboratories at¬ 
tached to them by drawing upon the 
fresh young minds which enter their 
portals. This is clear from the fact that 
most Nobel Laureates adorn the chairs 
in the universities. Also, the technologi¬ 
cal advance in the developed countries 
mostly occurs in the laboratories run by 
the industries which* are its immediate 
beneficiaries. On the other hand, in 


India the national laboratories have 
taken over the job of producing Ph Ds 
which is the normal activity of the uni¬ 
versities. And in doing so they have 
completely neglected their principal role 
of serving as the storehouse of technical 
knowledge. Consequently, they have 
been failures as promotors of technical 
upsurge in the country. And just like the 
public sector undertakings they are 
plagued by overstaffing and trade union 
activities. In my opinion, the solution 
for both lies in the concept of liberali¬ 
zation which is being carried out in a 
half-hearted manner at present. 

Let me elaborate on this theme. It is 
perfectly all right to have a central 
authority to carry out mission-oriented 
activities like the use of atomic energy, 
utilization of space probes and moderni¬ 
zation of defence. It is also proper to 
have service-oriented central organiza¬ 
tions like the Survey of India and Mete¬ 
orological department. But most of the 
national laboratories run by CSIR and 
DST do not fall into this category. So 
they should be privatized and handed 
over to the respective industries. And a 
few which are engaged in fundamental 
research should be attached to the uni¬ 
versities. This will release the large 
amount of funds locked up in the budg¬ 


ets of these institutions for use in the 
upgradation of the universities. 

Of course the universities are also 
suffering from political interference. 
The concept of university autonomy has 
almost evaporated by the political roles 
played by the chief ministers and the 
governors in appointing Vice Chancel¬ 
lors. Perhaps the time has come to as¬ 
sign this work to an independent public 
service commission. Secondly the ap¬ 
pointments of the university teachers are 
in turn vitiated by various pulls and 
pushes. This will have to be corrected 
by some kind of a university service. 
Since education is both a central and a 
state subject, one would need a Central 
Education Service for the univer¬ 
sities administered by the central gov¬ 
ernment and a State Education Service 
in each state for the universities in that 
state. 

It is obvious that these are radical de¬ 
partures from the present dispensation 
which might not be palatable to many 
scientists as well as politicians. 

K. D. Abhyankar 

Akashganga ’ 

1-5-76, Vivekananda Nagar, 

Habsiguda Street, No. 8/26, 

Hyderabad 500 007, India 


CURRENT SCIENCE, VOL. 70, NO. 4, 25 FEBRUARY 1996 


257 


CORRESPONDENCE 


Coping with liberalization 


This is an excellent article ( Curr. Sci. 
1996, 70, 5) in which I am wholly on 
the side of the editors and of liberaliza¬ 
tion. Their conflict to which they refer 
is with those who think that a readable 
science journal should be a trade union 
manifesto of the science community, a 
monolithic face to the world in their 
unceasing quest for more money. I agree 
with the editors that this is an unreason¬ 
able and harmful stance; the more open 
we are about ourselves, disagreements 


and all, the more confidence will the 
educated public have in the science 
enterprise. 

Two minor comments; First, the diffi¬ 
culties described are in no way peculiar 
to India, everywhere the public has to 
be taught that science is not about una¬ 
nimity. (This is why I feel entitled to 
comment.) Secondly, I regard the sen¬ 
tence ‘To the average reader, opinions 
on matters of science policy make far 
more interesting reading than the turgid 


prose of most research articles or the 
esoteric scholarship of historical sec¬ 
tions and book reviews' as unnecessary 
and inappropriate criticism of authors 
and reviewers. 


Hermann Bondi 

Churchill College, 

Cambridge CB3 ODS, 

UK 


Census of India’s biodiversity 


I read T. N. Khoshoo's article (Curr. 
Sci., 1995, 69, 14-17) ‘Census of In¬ 
dia's biodiversity: Tasks ahead’ with 
interest and curiosity and found nothing 
on what the title suggested. The author, 
after giving some data on biodiversity, 
where he modified his own earlier data 
(Curr. Sci ., 1994, 67, 577-582), took up 
the task of defending taxonomists and 
indirectly ridiculing much of biotech¬ 
nology being done in India. According 
to him, ‘these surveys, BSI and ZSI in 
particular, and taxonomists in general, 
are today overshadowed by the so- 
called, and more often second-rate, 
biotechnologists and environmentalists’. 
Later he goes on to say, ‘in India, there 
are some outstanding performers at two 
or three centres in the country... the 
general clan of biotechnologists is not 
likely to make any worthwhile contri¬ 
bution in the foreseeable future despite 
heavy investment.' Throughout his ar¬ 
ticle, the author complains that there is 
alleged apathy for taxonomy, and also 
complains of undue emphasis on bio¬ 
technology. 

I feel that the author has written this 
article on the basis of a very subjective 
assessment of the state of biology re¬ 
search in the country. He is perhaps not 
conscious of the fact that now there are 
certainly more than a dozen centres in 
the country where world class biotech¬ 
nology involving recombinant DNA 
technology is being undertaken - there 
are about half a dozen laboratories in 
Delhi alone and more such laboratories 


are known from NCL (Pune), BARC/ 
TIFR (Bombay), CCMB and Central 
University (Hyderabad), Madurai Ka- 
maraj University (Madurai), IISc and 
Astra Research Centre (Bangalore), 
NBRI (Lucknow), BHU (Varanasi), 
Calcutta University and Bose Institute 
(Calcutta) and M. S. University 
(Baroda). I doubt if scientists working 
in these laboratories, after having pub¬ 
lished papers in reputed journals can be 
classified as second-rate biotechnolo¬ 
gists. The contributions of these bio¬ 
technologists are already being felt 
and there is no reason to feel that in¬ 
vestment in this research area was not 
warranted. 

Contrary to the contributions of plant 
molecular biologists/biotechnologists, it 
is difficult to find taxonomists who 
regularly publish papers in reputed 
journals in the field of taxonomy (e.g. 
Taxon/IOPB Newsletter ), utilizing mod¬ 
ern tools of taxonomy. In the past, I had 
a chance to work with Bernard R. Baum 
of Canada, leading to publication of 
several articles on taxonomy of wheat, 
triticale, Aegilops, Agropyron, Avena , 
etc. but never came across any paper on 
taxonomy of cultivated plants (and their 
wild relatives) by an Indian taxonomist 
utilizing modern tools. Hundreds of 
papers on taxonomy and evolution of 
crop plants utilizing molecular markers 
(RFLPs, RAPDs, microsatellites, 
isozymes), nucleotide sequences and 
computer software have been published 
during the last few years, but hardly any 


from India, certainly not from the so- 
called taxonomists, who, barring excep¬ 
tions, do floristics rather than taxon¬ 
omy. When you talk to them about the 
use of molecular data or computer soft¬ 
ware, they would frown at you as if you 
are unnecessarily intruding in their dis¬ 
cipline. Biodiversity at several places in 
India (e.g. M. S. Swaminathan Founda¬ 
tion for Research) is being characterized 
by molecular markers, not by taxono¬ 
mists, but only by molecular biologists. 
The need for using these modern tools 
for studying taxonomy is often empha¬ 
sized by non-taxonomists in India who, 
nevertheless, recognize the importance 
of taxonomy. Further, although most of 
our taxonomists in India are aware that 
biodiversity has become an important 
subject, they may not be familiar with 
provisions of the ‘Convention on Bio¬ 
logical Diversity (CBD)’, ‘International 
Undertaking on PGR’, ‘International 
Code of Conduct for Plant Germplasm 
Collection and Transfer (1993)', 
‘CGIAR/FAO agreement’ establishing 
the ‘FAO’s International Network of 
Ex-Situ Germplasm Collection (1994)’, 
etc. Therefore, there is a need that sev¬ 
eral of these subjects receiving the at¬ 
tention of taxonomists and crop 
scientists at the international level, re¬ 
ceive the deserved attention of the tax¬ 
onomists in India also. There is also a 
need of realization by the taxonomists 
that the taxonomy of cultivated plants 
and their wild relatives is as important 
as the taxonomy of flora in general. I 
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feel that the comments by T. N. 
Khoshoo are unfortunate, since these 
may be used by those taxonomists of 
our country, who do not like to make 
use of modern tools in the field of tax¬ 
onomy. 

P. K. Gupta 


Department of Agricultural Botany, 
Ch. Charan Singh University, 
Meerut 250 005, India 


T. N. Khoshoo replies: 

Speaking in favour of taxonomy should 
not be construed as being against bio¬ 
technology. This is a totally wrong 
premise. Also, one does not have to 
recount at length the impact of molecu¬ 
lar approaches on taxonomy; these ap¬ 
proaches are now routine and known 
even to college students. However, 
these are particularly relevant to small 


taxonomic assemblages. One cannot 
write entire floras and faunas on the 
basis of biotech approaches. No country 
as large as India has such a flora or a 
fauna. As to experimental taxonomy of 
cultivated plants, one does not have to 
go abroad to do this work. In fact, M. S. 
Swaminathan, T. N. Khoshoo, R. P. Roy 
and others had flourishing schools in 
India and the initial papers were written 
in the 1950s. In an earlier paper ( Curr . 
Sci ., 1994, 67, 577-582), I have spe¬ 
cially stressed the importance of up¬ 
stream biotechnology for India together 
with its underlying scientific, techno¬ 
logical, economic and even political 
implications. The paper was received 
well both in India and abroad. It became 
clear that biotechnology is critical for 
India’s bioindustrial development. Both 
these papers were written after a thor¬ 
ough review of the biotechnological 
scene in the country. It revealed that 
there are only a few centres doing up¬ 
stream biotechnology; the rest are in¬ 
volved in routine and repetitive work. 
The former is likely to lead to academic 


and/or commercial products, but one is 
not sure about the latter. The members 
of some Task Forces of the Department 
of Biotechnology, Scientific Advisory 
Committee-DBT and DBT-SAC- 
Overseas have often expressed concern 
about the state of India’s taxonomy and 
urged that the same be strengthened 
particularly in the case of microorgan¬ 
isms (see also Curr . Sci., 1995, 69, 
968-969). 

Lastly, once in a while, self¬ 
introspection is necessary and one 
should be courageous to face facts. Ex¬ 
cellence cannot remain hidden because 
such work stands out by itself, while 
mediocrity has to advertise and cry 
hoarse to be recognized. 

T. N. Khoshoo 


Tata Energy Research Institute, 
Darbari Seth Block, 

Habitat Place, Lodi Road, 

New Delhi 110 003, India 


RESEARCH NEWS 

Auto-catalysis as the possible origin of biomolecular 
chirality 


Sosale Chandrasekhar 

Existence presupposes origin! The 
mystery of the origin of optical activity 
is the chemist’s formulation of this 
philosophical dictum. Chemists (perhaps 
unlike physicists), however, do not take 
easily to philosophy, and are content to 
chisel away at practical problems of 
direct relevance to human concerns. 
And even when, on the odd occasion, 
chemical problems take on a philo¬ 
sophical colouring, the chemist remains 
ingeniously practical. A recent example 
is discussed further below, but first 
some background. 

All biomolecules are homochiral, i.e. 
of two possible mirror image forms 
(enantiomers), only one is consistently 
found to occur. The phenomenon flouts 
statistical common sense, which dictates 
that both forms be found in equal 
amounts. But such ‘anti-Boltzmann’ 


behaviour is redeemable if there is an 
appropriate input of free energy in the 
synthesis of these biomolecules. Enter 
the practical organic chemist. It has, of 
course, long been known that molecules 
can be produced largely in one enanti¬ 
omeric form in a chemically chiral (‘one 
handed’) environment, such ‘asym¬ 
metric synthesis’ being quite efficient if 
one of a pair of reacting molecules is 
chiral. In fact, when the chiral partner is 
a catalyst, the arrangement is considered 
as perfect as can be. 

The ‘chicken-egg’ situation is now 
apparent. Biomolecules can, of course, 
be produced using chiral catalysts, but 
where would these latter species come 
from? (This is the molecular incarnation 
of an ancient philosophical scourge.) 
There is a fascinating collection of im¬ 
pressive theories, but two broad catego¬ 


ries may be discerned - determinate and 
chance (!). The determinate ones essen¬ 
tially shift chiral responsibility to a non¬ 
chemical agency, listing: polarized 
light, electric, magnetic and gravita¬ 
tional fields, a and (3 rays, and parity 
violating weak interactions 1 " 3 . The 
chance theories, too, commandeer con¬ 
cepts of noble lineage, and usually in¬ 
voke small local perturbations of the 
global chiral symmetry, which are sub¬ 
sequently amplified (irreversibility, 
non-equilibrium thermodynamics) *" 3 . 

Interestingly, there is a point of con¬ 
vergence for the determinate and chance 
theories (chemistry demarcated from 
philosophy). Expectedly, the two theo¬ 
ries have their strengths and weak¬ 
nesses, and the via media combines the 
virtues of the two. Determinate proc¬ 
esses are rather inefficient and produce 
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Figure 1. Asymmetric autocatalytic addition of diisopropylzinc to pyrimidine-5- 
carboxaidehyde (top left) to yield finally 2-methyM-(5-pyrimidyl)-propan-1-ol (bottom left) 
The closed loop involving the intermediate organozinc compound (top right) is the auto¬ 
catalytic step. 


only marginal levels of chirality, but are 
predictable and reproducible. The 
chance processes, although unpredict¬ 
able and inefficient, incorporate excel¬ 
lent amplification strategies. 

An amplification process at once im¬ 
mensely fascinating anc * efficient is 
‘autocatalysis’. In this eerie chemical 
phenomenon, the product of a reaction 
catalyses its own further production 
(molecules taking the first pretentious 
steps towards life, although not quite 
‘self-replicating’). Chiral autocatalysis 
is the obvious next step. But the sim¬ 
plicity of this conceptual juxtaposition 
can be misleading. The efficiency of 
chiral catalysis increases with increasing 
chiral purity of the catalyst, which, in 
autocatalysis, is itself continuously in¬ 
creasing during the reaction, a conse¬ 
quence of the ‘self-feeding nature of 
the process. ‘Selectivity is the critical 
element in modern organic chemistry 
and, because the enantioselectivity of 
each step is amplified’ high selectivity 
is the quintessence of chiral autocataly¬ 
sis. More of all this later, but one last 
point to set the scene. If ff * s possible 
not only to catalyse the required process 
but also to inhibit the unwanted one, we 
have the epitome of catalytic efficiency, 
at least on paper. 

In chemistry (unlike in philosophy), 
setting the scene only brings up the 
half-way stage at best, with experimen¬ 
tal design and execution yet to come. 
Japanese scientists elegantly deliver the 
latter part in a recent paper . They have 
studied the addition of diisopro- 


pylzinc to pyrimidine-5-carboxalde- 
hyde, in the presence of catalytic 
amounts of enantiomerically enri¬ 
ched product 2-methyl- l-(5-pyrimidyl)- 
propan-l-ol, the reaction being auto¬ 
catalytic (Figure 1). They find impres¬ 
sive levels of chiral induction, even 
when the initial enantiomeric purity of 
catalyst is ridiculously low. The follow¬ 
ing are a typical set of values for the % 
e.e. of catalyst taken (*), the factor by 
which the enantiomer in excess has been 
increased relative to V (y), and the % 
e.e. of newly formed final product (z) 
(‘e.e.’ is ‘enantiomeric excess’, a meas¬ 
ure of the efficiency of chiral induction; 
V, y and Y are in that order); 2, 2.5, 
16; 10, 13, 74; 57, 61, 89; 81, 239, 90; 
88, 942, 88. Among the trends: the ab¬ 
solute level of chiral induction in the 
final product (Y) is directly propor¬ 
tional to the initial chiral purity of 
catalyst (Y), but the dependence is 
greater at lower values of Y. Thus, the 
overall dependence is logarithmic, as is 
to be expected (the % e.e. cannot exceed 
100). The sharp decrease in linearity 
occurs around Y = 15. Note also, most 
importantly, that the above set of values 
was obtained from an initially low value 
ot catalyst purity (2% e.e.), and by re¬ 
peating the catalytic process after each 
run. In each run, the catalyst was used at 
a 20% molar ratio relative to reactants. 
An inhibitory process^may well occur in 
parallel, but has not been proved. 

This work does not solve the mystery 
ot bio-chirality, but it is certainly an 
experimental verification of theoretical 


models proposed 5 to explain the mys¬ 
tery. Nor is it unprecedented, as the 
long list of references shows (relevant 
ones cited below) 5-8 . Particularly men¬ 
tionworthy as a rival phenomenon is the 
spontaneous generation of chirality, for 
long a favourite explanation for the 
origin of bio-chirality. It is usually a 
crystallization-driven process 1 , its at¬ 
tractive feature being the total absence 
of external chiral influence. However, it 
rarely delivers worthwhile e.e.’s, pro¬ 
vides no control on the enantiomer ob¬ 
tained, and is generally of low practical 
utility. In contrast, strategies based on 
the amplification of small initial 
chiralities offer much to the practising 
chemist, and some food for thought to 
the philosophically inclined. 

The problem of the origin of bio¬ 
chirality is intimately connected with 
that of the origin of life itself 1-3,9 , and 
thus defines one of the ultimate frontiers 
of science. This reviewer cannot resist 
the temptation to relate an incident 
which occurred during a conference in 
the US a few years back, not least be¬ 
cause it conveys the ambience of intel¬ 
lectual hauteur pervading this exciting 
field of human enquiry. Being seated 
next to one of the founders of the field, 
he engaged the eminence in scientific 
discussion and, perhaps impetuously, 
enquired whether the problem of the 
origin of life would ever be solved. The 
answer: the problem of the origin of life 
has been solved, what only remains is 
that of the origin of mind. 


1. Bonner, W. A., Top. Stereochem., 1988 
18, 1-96. 

2. Mason, S. F., Chemical Evolution , Clar¬ 
endon, Oxford, 1992, pp. 260-284. 

3. Ponnamperuma, C. and MacDermott, 
A. J., Chem. Br., 1994, 487-490. 

4. Soai, K., Shibata, T., Morioka, H. and 
Choji, K., Nature , 1995, 378, 767-768. 

5. Frank, F. C., Biochim. Biophys. Acta 
1953,11,459-463. 

6. Noyori, R. and Kitamura, M., Angew. 
Chem., Int. Ed. Engl., 1991, 30, 49-69. 

7. Kondepudi, D. K., Kaufman, R. J. 
and Singh, N., Science , 1990, 250 975- 
976. 

8. Tranter, G. >E., Nature , 1985, 318 172- 
173. 

9. Cohen, J., Science, 1995, 267 H65- 

1266. 


Sosate Chandrasekhar is in the Department 
of Organic Chemistry, Indian Institute of 
Science, Bangalore 560 012, India 
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Sugarcane honey - its significance 


In a melittopalynological study of api¬ 
ary honeys (of Apis cerana var. indica) 
collected from the agricultural tracts of 
various mandals of Krishna district, 
Andhra Pradesh, the authors have en¬ 
countered two samples of honey which 
appear to have formed from sugarcane 
plant, as both of them show a high per¬ 
centage of pollen of Saccharum offici- 
narum. Both these samples were 
obtained in the first week of April, 1995 
from a private apiary of three colonies 
maintained in the vicinity of sugarcane 
fields at Nimmakuru village of Pamarru 
mandal. 

Pollen analysis of these samples car¬ 
ried out as per the recommendations of 
International Commission for Bee 
Botany 1 , brought to light the following 
pollen contents: 


Sample J. 


Predominant 
pollen type 

Saccharum officinarum 
(64.83%) 

Important 
minor pollen 
types 

Phoenix sylvestris 
(13.17%), 

Borassus flabellifer 
(8.33%), 

Cocos nucifera (3.5%), 
Prosopis juliflora (30%) 

Sample 2. 


Predominant 
pollen type 

Saccharum officinarum 
(68.17%) 

Important 
minor pollen 
types 

Borassus flabellifer 
(12.0%), 

Phoenix sylvestris 
(7.67%), 

Cocos nucifera (5.33%) 


Syzygium cumini , Mimosa rubicaulis , 
Cleome gynandra, Brassica nigra , 
Rungia repens, Hygrophila sp., Citrus 
sp., Basella sp., Coccinia grandis , A/- 
bizia lebbek , Sida acuta , Tridax pro- 
cumbens, Ageratum conyzoides, Ceiba 
pentandra and Terminalia sp. were re¬ 
corded as minor pollen types (1 or <1%) 
in the samples. Photomicrographs of 
some pollen types recorded in sugarcane 
honeys are given in Figure 1 a-e. 

The absolute pollen counts of the 
honeys determined using a haemocy- 
tometer were 255,000/1 Og (sample 1) 
and 285,000/10 g (sample 2) and both 
the samples of honey are referable to 
group III. The chemical composition 
estimated using the procedure formu¬ 
lated by Indian Standards Institution 2 is 
shown in Table 1. 





Figure 1. a , Sugarcane honey showing the predominant sugarcane pollen (x 100); b , A portion enlarged (x 450); c-e, Pollen of Saccharum 
officinarum (x 750) (Sa, Saccharum officinarum\ Bo, Borass us flab el lifer, Co, Cocos nucifera-, Ph, Phoenix sylvestris). 
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Table 1. Estimated chemical composition of honey samples 


Parameter 

Sample 1 

Sample 2 

Total reducing sugars (%) 

70.896 

70.059 

Levulose or fructose (%) 

37.806 

36.744 

Dextrose or glucose (%) 

33.09 

33.315 

L/D ratio 

1.143 

1.103 

Sucrose (%) 

2.862 

2.794 

Acidity (%) 

0.0276 

0.023 


In both the samples the total reducing 
sugars were slightly above 70% and the 
sucrose content was >2.5%. 

The moisture content determined 
with ERMA refractometer was found 
to be 21.5% in sample 1 and 21.0% 
in sample 2. The honeys were 
light amber in colour with pleasant fla¬ 
vour. 

Sugarcane (Saccharum officinarum), 
is one of the principal crops grown on a 
large scale in the agricultural tracts of 
some mandals of Krishna district. It is 
an anemophilous taxon with neither 
floral nor extrafloral nectaries. Hence 
the two samples of honey studied do not 
essentially represent byproducts of nec¬ 
tariferous secretions. During the period 
March to April, the sugarcane crop is 
harvested locally for the supply of cane 
to the sugar factory at Vuyyuru. Large 
quantities of sugary juice oozes out 
from the cut ends of the sugarcane 
stumps left out in the fields and the 
harvested cane carried to the factory for 
crushing. From our field observations 
and discussions with local bee-keepers 
it was noted that the honey bees avidly 
collect the sugary juice oozing out from 
the cut ends. Pollen grains produced in 
enormous quantities by the sugarcane 
plants and air-borne for a fairly long 
duration get ultimately lodged in this 
juice foraged upon by the bees. The 


sugarcane juice is subsequently con¬ 
verted into honey in the hives. This, 
perhaps, explains the presence of sugar¬ 
cane pollen in high numbers in honey 
collected from apiaries maintained 
around sugarcane fields. The pollen 
content of the honey made out of the 
sugarcane sap may vary according to the 
aerobiological factors, controlling the 
incidence of the pollen in the ambient 
atmosphere. Unlike the floral honey 
from this district, sugarcane honey 
showed a relatively high frequency of 
dust particles. 

The above kinds of honey melittopa- 
lynologically, may therefore be consid¬ 
ered as unifloral honey of Saccharum 
officinarum. As both the samples of 
honey are from the frames of the supers 
only, the possibility of pollen from the 
pollen stores in the brood portion get¬ 
ting mixed up with the honey is ruled 
out. The sugarcane pollen encountered 
in the honey, accordingly, must have 
been present in the cane juice collected 
by the bees. 

The bee forage value of the sugar¬ 
cane juice has been reported earlier 
from outside India, viz. Ghana 3 , 
Columbia 4 , Trinidad and Tobago 5 , 
Florida 6 . The authors, however, are not 
aware of any published record of sugar¬ 
cane honey and its pollen analysis from 
India. 


Our ongoing melittopalynological 
studies indicate that in the agricultural 
tracts of Krishna district, March to mid- 
May represents the honey flow season 
and the majority of the honeys harvested 
during this period represent pure Boras- 
sus honeys. Borassus flabellifer 
(Palmyra palm) incidentally is seen 
abundantly in various mandals of 
Krishna district. As the freshly har¬ 
vested sugarcane fields provide a fair 
source of forage in the form of sugary 
sap for the honey bees, the possibility of 
utilizing this situation in bee-keeping 
enterprises merits serious consideration. 
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108-114. 

4. Kent, R. B., Bee World , 1976, 57, 151- 
158. 

5. Laurence, G. A. I. and Mohamad, I., J. 
Agric. Soc. Trinidad , 1976, 76, 342-354. 
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Differentiation of sclerenchyma fibres in the stem cultures of 
Cissampelos pareira L. (Menispermaceae) 


The sclerenchyma fibres are present in 
stem, leaf and fruits in association with 
different tissues as either xylary or ex- 
traxylary fibres 1 . The cell wall is ligni- 
fied and the cell is usually devoid of 
protoplast at maturity 2 . The extraxylary 
fibres in the cortex of the stem contrib¬ 
ute to the formation of pericycle provid¬ 
ing mechanical strength 3 . In the taxa of 
Menispermaceae the pericycle is con¬ 
tinuous, undulating and arching over the 
vascular bundles 4 . 

An attempt was made to culture the 
stem explants of Cissampelos pareira L. 
(Sanskrit: Patha) with an objective of 
growing the callus under different cul¬ 
ture conditions. 

The young stem explants of C. pa¬ 
reira L., measuring 2 cm long, were 
surface-sterilized with 0.1% HgCl 2 after 
a thorough washing with distilled water 
containing 0.01% (v/v) Teepol and in- 
noculated on Murashige and Skoog 
medium 5 supplemented with different 
concentrations of NAA (0.25 to 
10 mg/1). The stem explants and 
the callusing explants representing the 
40th day were fixed in Carnoy’s B fluid 
and embedded in paraffin. Deparaf- 
inized transverse sections were stained 
with toluidine blue 6 for histochemical 
studies. The explants representing be¬ 
tween sixth and eighth nodes responded 
best for in vitro callusing when 
compared to other parts of the stem. 
Among various concentrations of 
NAA, the.medium containing 2 mg/1 of 
NAA supported maximum growth of 
ths callus (fresh weight, 3650 mg/ 
explant). 

A transverse section of the explant 
revealed the lignified sclerenchymatous 
pericycle sandwiched between the pa¬ 
renchyma cells as evident by the me- 
taehromatic staining (Figure 1). During 
in vitro callusing, the parenchyma of the 
cortex, pith and medullary rays con¬ 
tributed chiefly to the growth of the 
callus. In all the samples studied, the 
lignified sclerenchymatous elements of 
pericycle have shown a tendency of 
gradual differentiations by increase in 
cell size concomitant with the thinning 
of cell walls and proliferated simulation 
of the contiguous parenchyma cells 
adding to the growth of the callus 
(Figure 2). 




Figure 1. Transverse section of the stem of C. pareira stained with toluidine blue. The scler¬ 
enchymatous pericycle has lignified cells (green) (x 400). Sc. sclerenchymatous pericycle; C, 
cortex; P, pith. 


Figure 2. Transverse section of the stem explant of C. pareira showing the development of 
callus (x 150). Ca, callus. 
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Figure 3. Part of the pericycle enlarged to show the proliferation from sclerenchyma fibres 
(x 400). 


Figure 3 depicts the in vitro differen¬ 
tiation of sclerenchyma fibres of peri¬ 
cycle by undergoing the gradual 
delignification as evident by the me- 
tachromatic staining of toluidine blue. 

The sclerenchyma fibres of the peri¬ 
cycle were hitherto considered as only 
mechanical in function due to their thick 


lignified wall. The present study reveals 
that these cells can undergo in vitro 
differentiation like parenchyma in Cis- 
sampelos pareira . 

Enzymatic in vivo delignification has 
been found in the brachysclereids of 
Chaenomeles sp. (Quince) fruit during 
ripening 7 . However, there is no report of 


in vitro delignification and proliferation 
of sclerenchyma fibres. 

The reversal in the form and function of 
sclerenchyma fibres in in vitro conditions 
extends the concept of totipotency to these 
fibres, just as in parenchyma cells. 
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Comments on ‘Fertile plants regenerated from mesophyll 
protoplasts of cold tolerant rice’ 


I am writing about the article ‘Fertile 
plants regenerated from mesophyll 
protoplasts of cold tolerant rice’ 
(Curr. Sci., 1995, 68, 755-758) by J. N. 
Gupta, Hyderabad and S. N.. Gupta, 
Gorakhpur. J. N. Gupta worked as proj¬ 
ect fellow in a DBT-funded project in 
my laboratory on suspension protoplasts 
of rice and based on the work, he sub¬ 
mitted a dissertation to the Gorakhpur 
University under the supervision of 
S. N, Gupta and was awarded the Ph D 
degree. 


While J. N. Gupta was working in my 
laboratory, I and my colleague, Mr A. 
Pattanayak, were working on plant re¬ 
generation from mesophyll protoplast of 
rice and having succeeded in the same, 
we published a paper in Bio/Technology 
(1993, 11, 90-94). J. N. Gupta now 
claims in the above-mentioned Current 
Science paper to have regenerated fertile 
plants from RCPL 1-1C and Meghalaya 
1 and the work was supposed to have 
been done at Gorakhpur University in 
S. N. Gupta’s laboratory. On verifica¬ 


tion, S. N. Gupta categorically denied 
that the work was ever done in his labo¬ 
ratory, because facilities for such work 
do not exist in his laboratory even to¬ 
day. 

S. N. Gupta (Gorakhpur) also denied 
having consented to be a co-author in 
the paper through a letter. As such, J. N. 
Gupta (Hyderabad) neither worked on 
mesophyll protoplasts in my laboratory 
nor at the University of Gorakhpur. He 
has, in fact, plagiarised our work on 
mesophyll protoplasts. He has even used 
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some of our photographs. 

Further, there is nothing new in the 
methodology and the compositions of 
protoplast culture and the regeneration 
media are substantially the same as re¬ 
ported by us in Bio/Technology. Even 
the varieties are the same and one of 
them, viz. RCPL 1-1C is an advance 
breeding line developed by us. 

H. S. Gupta 

ICAR Research Complex for 
NEH Region, Umroi Road 
Barapani 793 103, India 


J. N. Gupta replies: 

The allegation of H. S. Gupta that I had 
worked on only cell suspension proto¬ 
plast of rice and based on this work I 
submitted my Ph D thesis is totally 
baseless. I had worked on several other 
aspects, i.e. callus induction, develop¬ 
ment of fast-growing cell suspension, 
regeneration of plants from mesophyll 
protoplasts, protoclonal variations, so- 
maclonal variations and heritability of 
those variations for my Ph D thesis at 
ICAR Research Complex for NEH Re¬ 
gion, Barapani, Meghalaya, under the 
supervision of S. N. Gupta (Gorakhpur) 
and cosupervision of H. S. Gupta 
(Barapani, Meghalaya). The same work 
was submitted for Ph D degree at 
Gorakhpur University, Gorakhpur. 
Though H. S. Gupta (Barapani, Megha¬ 
laya) withdrew himself as cosupervisor 
just one day before submission of my Ph D 
thesis, he was fully aware of the complete 
content compiled for the thesis. 

The development protocol of plant 
regeneration from mesophyll protoplasts 
of rice is part of my Ph D thesis work 
which has been submitted in 1992 be¬ 
fore publication of H. S. Gupta and 
A. Pattanayak’s paper (. Bio/Technology, 


1993, 11, 90-94). This system has been 
successfully repeated by me at Biotech¬ 
nology Centre, Punjab Agricultural 
University, Ludhiana (J. N. Gupta, Rice 
Biotech. Quart., 1993, 16, 2-3; J. N. 
Gupta Rice Biotech. Quart., 23, 19-21) 
and Department of Biotechnology, Di¬ 
rectorate of Rice Research, Hyderabad 
(N. P. Sarma et al\ National Rice Bio¬ 
tech. Network, 4th Annual Meeting, 
Pune, 1995, 16-17). 

The reported protocol for mesophyll 
protoplast to plant system in rice (J. N. 
Gupta and S. N. Gupta, Curr. Sci., 
1995, 68, 755-758) is reproducible and 
entirely different from H. S. Gupta 
and A. Pattanayak’s protocol published 
in Bio/Technology (1993, 11, 90-94). 
However, H. S. Gupta and A. Pat¬ 
tanayak’s protocol contains a lot of 
conflict and doubts about its repro¬ 
ducibility (J. N. Gupta,- Rice Biotech. 
Quart., 1993, 16, 2-3; G. C. Ghosh 
Biswas et al.. Plant Cell Reports, 1994, 
14, 528-532). 

Moreover, the following points in 
H. S. Gupta’s publications indicate am¬ 
biguity on his claim on mesophyll pro¬ 
toplast to plant system. 

(i) Seven per cent mannitol in CPW 
salts is unable to maintain the viability 
of mesophyll protoplasts of RCPL 1- 
3C. However, H. S. Gupta and A. Pat- 
tanayak (National Group Meeting on 
Rice Biotechnology, Hyderabad, 9-10 
September 1991, 20-22) have reported 
obtaining sustained divisions and callus 
formation from mesophyll protoplast of 
the said genotype. 

(ii) Uses of 13% mannitol in CPW 
salts (just double concentration) for 
maintaining the viability of mesophyll 
protoplast of the same genotype in an¬ 
other report (Bio/Technology, 1993, 11, 
90-91) indicate their unawareness on 
the said system 

(iii) * The 0.5 M glucose with 0.15% 
agarose in reported N6 medium is un¬ 


able to maintain the viability of meso- 
phyli protoplasts of reported genotypes 
(Bio/Technology, 1993, 11, 90-94). 
However, they have reported regenerat¬ 
ing plants from the same mesophyll 
protoplasts. 

(iv) There is no reaction by H. S. 
Gupta on my comments raised in Rice 
Biotech. Quart., 1993, 16, 2-3 (two 
years completed) on non-reproducibility 
of his protocol, differences of 0.2 M 
glucose in two cultural procedures and 
having tried to compensate those differ¬ 
ences by 0.15% agarose, there is doubt 
about H. S. Gupta’s expertise on the 
said system. 

(v) Failure of H. S. Gupta to fulfil his 
commitment to clear the mentioned 
doubt in Bio/Technology, J993, 11, 
page 93 para 4 and 5 through genetic 
transformation is enough evidence to 
say that H. S. Gupta and A. Pattanayak 
have not worked on the said system. 
H. S. Gupta has misused his position 
and published my developed protocol of 
mesophyll protoplast to plant system in 
rice in Bio/Technology, 1993, 11, 90- 
94. 

After repetition of the said system at a 
different laboratory, I have offered the 
said system for genetic transformation 
to other groups (J. N. Gupta, Rice Bio¬ 
tech. Quart., 1995, 23, 19-21). This 
indicates that the mesophyll protoplast 
to plant system in rice has been devel¬ 
oped by me. 

J. N. Gupta 

Department of Biotechnology, 
Directorate of Rice Research, 
Rajendranagar, 

Hyderabad 500 030, India 


No response was received from S. N. 
Gupta (Gorakhpur) despite several re¬ 
minders. 

- Editors 
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The scientific temper* 


Hermann Bondi 


Why is science so universal? Surely the only explanation can be that its methods and outlook cor¬ 
respond to traits shared by all humans , that it is adjusted to a common human characteristic. 


It is a great and unexpected honour to have been invited 
to give this lecture in the memory of a great man, whose 
name is honoured throughout the world. This memory is 
so rich, that one can put one’s own slant on it and hope 
that illuminates and adds to it. 

My first knowledge of him came to me as a child in 
Vienna. When our mother fell ill, she engaged a lady as 


governess to stimulate and supplement the school edu¬ 
cation of us children, myself and my sister who was a 
few years older than myself. We became so fond and 
keen on this lady that even after our mother returned to 
health we made sure that she came and spent time with 
us. She had an avid interest in all aspects of adult edu¬ 
cation, but her great hero was Gandhi. This was 


Hermann Bondi, visiting Raman Professor of the Indian 
Academy of Sciences, was in Bangalore to deliver the Gandhi 
Memorial Lecture at the Raman Research Institute. 
S. Ramaseshan, introducing the lecturer, had this to say: 

‘Hermann Bondi is one of the most remarkable persons I know. 
When Bondi’s name is mentioned every one thinks of the Steady 
State Theory of the Universe by Bondi and Gold, - and of Hoyle. 
For keeping the expanding universe at constant density, what 
they asked for is not much. Just that space should create a 
mass equivalent to that of a hydrogen atom in one litre of space 
every 1/2 a million million years, i.e. 5 x 10 11 years. 

It is perhaps one of the most beautiful of theories. And yet to 
my mind it is the classic example that Chandrasekhar and Dirac 
are probably wrong. They insist that beauty is the ultimate test 
for truth. This beautiful theory of the steady state of the universe, 

I think, does not work. Why do I mention Bondi’s magnificent 
failure today? It is to bring out the unforgiving nature of science 
and that science advances by such mistakes. 

But Hermann Bondi has had many many successes. I will 
mention just two. He took up a problem of what will happen if 
matter goes on depositing or accreting on to a sphere - as if it 
were a problem set to undergraduate students. And this paper by 
Bondi happens to be one of the most quoted papers in astro¬ 
physics. 

Hermann Bondi will be 
remembered for his estab¬ 
lishing the reality of the 
gravitational radiation in full 
General Relativity, the exis¬ 
tence of which the Master 
himself doubted. Einstein 
wrote to Max Born earlier “I 
have arrived at the interest - 
ing result that gravitational 
waves do not exist!”. 

I came to know Hermann 
Bondi by the slim book he 
wrote on Cosmology. It 
reads like a novel. But each 
sentence was so charged 
with meaning that I learnt 


much of my physics from this remarkable book. 

He evolved the clearest way of teaching Special Relativity - 
the usual method is to expound it using the rigid rod approach. 
One was uncomfortable and even thought this approach clumsy. 
When a rigid rod is pushed, the other end moves instantly, i.e. 
the information is carried to the other end instantaneously. This 
contradicts the very principle of relativity. Bondi’s approach (now 
called K calculus) is simple, logical and without any inconsis¬ 
tency. 

After the sixties, Hermann Bondi concentrated on administra¬ 
tion and was Chairman of many committees that gave direction 
to science in the United Kingdom and Europe. One does not 
know what the good fairy does to make men remarkable admin¬ 
istrators and Chairmen. The list of Government Departments and 
Committees he headed is formidable: Chief Scientific Adviser to 
the Ministry of Defence, Chief Scientist, Department of Energy, 
Chairman and Chief Executive, Natural Environmental Research 
Council. (You should hear him talking with great knowledge 
about seals and their babies.) He was also Chairman, National 
Committee for Space, Director General of the European Space 
Research Organization. (He was perhaps the first to insist that 
satellites must monitor soil erosion.) The list goes on - and in 
each field he left an indelible mark. 

Hermann Bondi is much interested in the wider implication of 
science and scientific outlook-as his membership of the Hu¬ 
manist Association and the Science Policy Foundation testify. 

I saw this Vienna-born British scientist for the first time in flesh 
and blood almost 25 years ago. From being my physics teacher 
by proxy he became a very good friend. Once I went along with 
my wife to Hermann and Christine’s beautiful home near Cam¬ 
bridge to seek his advice. Two more striking things about Her¬ 
mann Bondi: The first is the absolute clarity with which he 
expresses himself in the English language. His choice of words 
and sentence constructions are superb and unmatchable. 

The other is the fund of humorous stories he has. He is 
amongst the best reconteurs I have listened to. (We hope we 
hear some of these. It will be appropriate today as Gandhiji was 
always so full of fun.) 

He was Master of Churchill College in Cambridge for many 
years. He was truly the Master of many fields he touched - be it 
fundamental physics, pedagogy, administration, or his concern 
for human dignity.’ 



*Text of the Gandhi Memorial Lecture delivered at the Raman 
Research Institute, Bangalore, on 30 January 1996. 

Hermann Bondi is a Fellow of Churchill College, Cambridge CB3 ODS, 
UK. 
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remarkable, for Vienna was far from the turbulence of 
British-Indian relations and totally absorbed in its own 
politics which indeed was of immediate and overwhelm¬ 
ing importance as it led to the horrors of the Third Reich 
and the Second World War. Thanks to this lady, I was 
immersed, as a boy of 10 or so, in his unique way of 
bringing morality into politics and making his shining 
and undeflectable personality an eagerly watched centre 
of interest for innumerable millions. What a contrast to 
the violent and doom-laden politics of my home town 
and its slovenly pessimism! 

As a footnote, I might mention that after the war, 
when all my other friends and relations had emigrated or 
been murdered or otherwise met their deaths, I made 
two visits to Vienna for the chief purpose of seeing this 
lady again in her old age. 

Following this modest justification for my standing 
here, let me turn to the title I have chosen, which admit¬ 
tedly sounds as though it was far more in the spirit of 
Jawaharlal Nehru than that of Gandhi. Part of my pur¬ 
pose in this talk is to suggest that this contrast is much 
more apparent than real. It is indeed thanks to Nehru 
that this splendid reference tp ‘the scientific temper’ 
occurs in your constitution. 

In my view, the most remarkable characteristic of sci¬ 
ence, even more extraordinary th&p its achievements, is 
its uniyersality. Persons can and do contribute to science 
irrespective of ideology, religion, race, gender or loca¬ 
tion. I know of no other human enterprise that is so 
common to the whole world. It is true that under brutal 
totalitarian regimes there have been short-lived perver¬ 
sions of the universal spirit of science, such as ‘Aryan 
physics’ in Hitler’s Germany or Lysenko’s genetics in 
the Soviet Union, but these exceptional derailments do 
not and should not be taken to invalidate the universality 
of science. 

Why is science so universal? Surely the only explana¬ 
tion can be that its methods and outlook correspond to 
traits shared by all humans, that it is adjusted to a com¬ 
mon human characteristic. In my view (and in this I am 
very much a follower of that great philosopher of sci¬ 
ence, Karl Popper) this universal characteristic is our 
fallibility. What science recognizes above all is that 
depth of conviction and passionate feeling are no guar¬ 
antee of correctness; nothing that one of us claims can 
ever be taken for granted. Thus we scientists learn early 
in our professional careers that we must not take offence 
if it is felt necessary to repeat our experiment or to go 
through our calculations with a fine toothcomb. On the 
contrary, we should take it as a compliment if our work 
is taken so seriously by others as to merit repetition and 
detailed analysis. However much we may believe in 
our results, the outcome of such a repetition may well 
bring a surprise. But this is part of the process of scien¬ 
tific progress, which tends to be zig-zag. It has rightly 
been said that science does not advance like a steam 
roller. 


This outlook does affect our professional attitude: To 
be proved wrong is no disgrace; to be ignored is true 
failure. Moreover, almost every mistake made has 
within it the seeds of an advance. Perhaps an example 
may help. Many years ago a friend and I advanced a 
theory that if a certain gap in the knowledge of the day 
hid a particular property, very important consequences 
we elaborated would follow. This led others to devise 
most ingenious experiments to fill the gap in knowledge 
directly. They disproved the existence of this property 
and thus our theory fell. Though this result was evi¬ 
dently not what I had hoped for, I feel proud of my in¬ 
volvement. As a result of our failed theory having been 
proposed by us, a gap in knowledge has been closed. 
My professional standing has also gone up rather than 
down. 

Of course the behaviour of scientists is not always be¬ 
yond criticism. There is occasional cheating, usually of 
very short life in a field in which checking and cross¬ 
checking is mandatory. A more serious problem is the 
rule of fashion: if a particular topic attracts some emi¬ 
nent scientists, it becomes popular and soon it is pur¬ 
sued in numerous locations. This gives it momentum: 
even if the original interest leads to little that is valuable 
or the benefits of the topic are quickly exhausted, the 
herd is liable to continue in the same direction whether 
it is still profitable or not. Thus there is merit in follow¬ 
ing one of the less popular topics and generally to be 
honest with oneself if one’s choice of subject proves to 
be unfruitful and to switch to something else. The uni¬ 
versality of science does not mean that everyone must 
chase the same hare at the same time*. 

The relation of science to technology is too often mis¬ 
understood. It is quite untrue to say that science is pure 
and primary while technology is dirty and merely de¬ 
rivative. Science is above all an empirical subject; the 
test of experiment and observation is supreme. But how 
are experiments and observations performed? Of course 
by building apparatus that uses the technology of the 
day. Thus it is advances of technology that lead to more 
searching experiments that test our theories more thor¬ 
oughly and reveal previously unimagined insights. In all, 
this technology is primary and science follows. On other 
occasions, technology follows science by making good 
use of novel scientific results. The two are intertwined 
and it is as foolish to ask which is leading and which is 
following as it is to ask which came first, the chicken or 
the egg. 


*On one occasion when I arrived at Western Test Range in California 
to watch the launch of a satellite, I was informed that the manage¬ 
ment had that day to make the difficult choice of a contractor to 
maintain all the instruments of the huge base for the next 3 years. 
When I suggested that surely the obvious choice was the contractor 
who had carried out the task for the previous 3 years, I was told this 
was not possible. By law, the contract had to be awarded to a small 
business. By virtue of this maintenance contract, the current firm had 
become too big to be classified as a small business. 
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Both science and technology require human coopera¬ 
tion. The work of a scientist is useless unless and until it 
has been communicated to other scientists and been un¬ 
derstood by them. Thus that most singularly human of 
our abilities, language, is essential for science*. 
Whether we do enough to develop the communication 
skills of young members of our profession is perhaps 
debatable, but it is as essential for the effectiveness of 
their work as scientific knowledge is. 

At this stage, I want to pause to describe, in the light 
of what I have said, my interpretation of the phrase 
‘scientific temper’. It certainly does not mean that eve¬ 
rybody should be a scientist. It does not even mean that 
everybody should have a modicum of scientific knowl¬ 
edge. It is the methods and outlook of science that it 
refers to. 

First, it must mean that we favour human cooperation 
and linkages without setting to them any boundaries of 
race, religion, nationality, ideology or gender. Secondly, 
it must imply that we are humble even about our deepest 
convictions and offer them for checking by others wher¬ 
ever this is feasible. Thirdly, it should make us similarly 
sceptical of what others try to force down our throats. 
Cooperation cannot and should not be based on unsub¬ 
stantiated claims, particularly where this might imply 
hostility to others. Fourthly, we have to cultivate an en¬ 
quiring mind. To summarize, we have to live with uncer¬ 
tainty. 

This deep and fundamental uncertainty is basic to the 
human condition. It requires a very adult outlook to be 
ready to accept this uncertainty and yet to take necessary 
decisions. Such an attitude is fundamentally human and 
is what ‘the scientific temper’ means to me. 

Of course this is not a prescription for perfection. 
Competition is an unavoidable and even essential aspect 
of any effort involving numerous people. We all know 
that competition in any enterprise can take very ugly 
forms. This applies in science and perhaps even more in 
technology. Yet there is a good deal of evidence that 
abolishing competition leads to worse faults and that we 
should accept it as basically human, while doing all we 
can to diminish its nastier manifestations. 

It may well be asked what good science and technol¬ 
ogy have done to the human species. Even a profes¬ 
sional scientist like myself cannot brush aside such a 
sceptical attitude, least of all on an occasion in honour 
of perhaps the greatest of all such sceptics. My response 
comes in two parts. First, I want to stress the spiritual 
quality of all we have learned. The Copernican system 
and Darwinian evolution have profoundly altered our 
outlook on the place of us humans in the universe, a 


*A man went into a pet shop wanting to buy a particularly intelligent 
parrot. After taking great care to choose such a bird, the pet shop 
owner sold it to him. Two weeks later this man returned to the shop 
and very angrily complained that the parrot, in spite of its supposed 
intelligence, had not said a word in all that time. ‘Ah yes’ said the 
pet shop owner ‘this one is a thinker, not a talker’. 
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change that I regard very much as a change for the better 
and rightly humbles us. 

To come more to my areas of science and technology, 
the universe has been found to be an infinitely grander 
(and perhaps more mysterious) place than was ever 
imagined before, while the technology of space has been 
triumphant and chastening at the same time in a previ¬ 
ously undreamt of way. I agree with Bronowski’s de¬ 
scription of science as our greatest spiritual adventure. 

But secondly, what about the strikingly Gandhian 
criticism that the acquisitions so characteristic of mod¬ 
ern life do nothing for the human being as a thinking 
and feeling individual? Gandhi himself showed that 
much of what we think is necessary or at least desirable 
can be done without, though most of us, unlike himself, 
would find it aggravating, to say the least, to be de¬ 
prived of our material comforts. Yet he demonstrated 
convincingly that they are not essential to our inherent 
humanity. On the other hand I think that in some re¬ 
spects our modern industrial and technological civiliza¬ 
tion has led to a profound change for the better. 

The first and, I think, most important of these is the 
reduction in child mortality which has been substantial 
throughout almost the whole of the world and particu¬ 
larly so in the industrialized countries. The grief of a 
parent for a dead child is a primitive and most powerful 
human emotion. It is not part of the veneer of civiliza¬ 
tion, but deep and intrinsic. To have materially reduced 
the number of such tragedies is no mean achievement of 
our century. It cannot be belittled as purely relativist. 
Moreover, it is a result of a large number of aspects of 
our civilization and indeed of its whole outlook which at 
its best can be described as ‘the scientific temper’. 
Clean water, better nutrition, more knowledgeable and 
healthier mothers, better housing, preventive medicine 
have all contributed mightily to this highly desirable 
result. 

Like all human achievements, it has a negative aspect 
too: Until parents everywhere appreciate that their chil¬ 
dren are very likely to survive to adulthood, many 
will continue to overinsure by having unnecessarily 
large families. Until the reduction in child mortality is 
universally understood, this will add to the worrying 
growth in our numbers. But this is probably a purely 
temporary difficulty that should not stop us rejoicing 
over the progress achieved and fostering its further ad¬ 
vance. 

Another change that our civilization has brought about 
is the greatly increased mobility of people. In as far as it 
makes us more aware of the variety of our species and 
brings us to understand better the strength and signifi¬ 
cance of common humanity, this is to be greatly wel¬ 
comed. However, it also has negative aspects such as 
increased tensions and the slackening of family bonds. 
Moreover, it raises ethical questions we have barely be¬ 
gun to understand. Yet on balance, I have little doubt 
that in making us less parochial, the increased mobility 
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makes many a positive contribution to ‘the scientific 
temper’. 

To come to a very different issue, I would now like to 
discuss the influence of religion and its relation to my 
topic. It is easy to state the benefits of religion. No 
doubt it gives solace and comfort to believers in time of 
stress and bereavement. It also makes a bond between 
members of the same persuasion. Moreover it gives be¬ 
lievers in a revelation a level of certainty absent from 
other human affairs. Against this is its terribly divisive 
effect, that has so often led to some of the worst horrors 
in human history. What attitude should ‘the scientific 
temper’ make us take to religion? 

First, it is evident that there are many religions and 
denominations on the Earth, each of which has sincere, 
able and honest adherents. Yet there are considerable 
contradictions between most of them. Almost all of them 
are based on an alleged revelation, absolute faith in 
which is demanded of all followers. It is clear that if one 
is right, practically all the others must be wrong. Thus, 
at best, only one of them describes the world correctly 
and most of them must be in error. Of course there is no 
test -to determine which is the right one. A believer in 
one of them would be very arrogant to claim that his is 
the uniquely right faith and that all who think otherwise 
are in error, an error that must be corrected by whatever 
means is available. 

Surely ‘the scientific temper’ should lead us to respect 
everyone’s religion as long as it is treated as a private 
matter and not as something to be forced on others, 
whether by gentle persuasion or otherwise. But the same 
respect is due to those of us who have no belief in the 
absolute truth of any revelation. In my view it would be 
beneficial if more of us who hold such views would 
stand up for them and refuse to compromise in such 
matters as ceremonies. 

The greatest difficulty arises about children. Though 
we need to respect the right of parents to bring up their 
children in their tradition, it scarcely fits into the 
Gandhian stress on the commonality of humanity to al¬ 
low parents to keep their children rigidly apart from 
. those of other faiths. A good acquaintance and friend¬ 
ship between those of different religious persuasions is 
an essential feature of a functioning nation. To make a 


reality of faith in common humanity, all artificial divi¬ 
sions between people should be discouraged and dimin¬ 
ished, whether these divisions are of a religious or other 
type. 

Our task is to combine respect for the variety of indi¬ 
viduals with the need to foster a feeling of commonality. 
The only way we can do justice to all is by political de¬ 
mocracy, the only way to respect the range of religious 
beliefs is to have a fully secular state. 

Democracy is not an easy prescription to put into 
practice. It is certainly not just a matter of voting, im¬ 
portant though this is. A point I want to make here is 
that the results of elections should be unpredictable in 
some sense*. If it were the case that most people’s votes 
were wholly determined by the religious or ethnic com¬ 
munity they belong to, I would doubt if such a society 
could be called truly democratic. For instead of counting 
the votes in the ballot boxes, one could then simply 
count the numbers of each such community. It is essen¬ 
tial that many members of the electorate should vote 
only after giving thought to the questions of the day and 
not as an automatic reaction consequent upon their af¬ 
filiation. 

India has a splendid constitution embodying the words 
‘secular’, ‘democratic’ and ‘the scientific temper’. Many 
of us elsewhere are not so fortunate, at least not explic¬ 
itly. To translate these phrases into fact is a task for us 
everywhere. The more we succeed, the more we honour 
the memory of the great man we have come together to 
celebrate. 


*The London County Council (LCC) was established early in this 
century, and by 1960 London had grown far beyond its boundaries. 
The LCC was firmly in the Labour party’s control. So when a con¬ 
servative government arranged for it to be replaced by a ‘Greater 
London Council’ (GLC) covering a much larger, electorally more 
mixed area. Labour was furious and vowed to reverse the legislation 
when it formed the government. However, on the urging of educa¬ 
tors, the LCC area was retained for the Inner London Education 
Authority (ILEA). The first GLC elections were held in 1964 when 
the conservatives were very unpopular, and Labour gained two-thirds 
of its seats. When Labour became the government a few months 
later, nothing was heard of the pledge to abolish the GLC. 

The new Labour government soon lost support, and when the sec¬ 
ond ILEA elections were held in 1967, the Conservatives gained 
control of this Labour stronghold previously regarded as impregnable. 
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Theory of hopping conduction in proteins 

A. K. Bakhshi 


Quantum-chemical results of the investigation of the energy transport mechanism in proteins, 
obtained using the most advanced form of the theory of disordered systems, are briefly reviewed 
without giving any mathematical formulation. The calculated large values of the band gap for 
polypeptide chains including collagen models and two native proteins - pig insulin and hen egg 
white lysozyme rule out the possibility of intrinsic conduction in them. The Anderson localization 
studies of the frontier orbitals of the aperiodic polypeptide chains and the two native proteins in¬ 
dicate strong localization of these orbitals on one or two amino acid residues, thereby making 
charge transport through phonon-assisted variable-range hopping mechanism quite probable at 
physiological temperature. The calculated hopping frequencies and the frequency-dependent a.c. 
conductivity values obtained using the random walk theory fall in the same range as those for 
typical inorganic amorphous conductors. It, therefore, means that proteins can become hopping 
conductors on doping with electron acceptors or electron donors. Various biological implications 
of this result are discussed. 


The mechanism of energy transport in proteins is a fun¬ 
damental problem of quantum biology. Various impor¬ 
tant biological processes such as vision, transmission of 
nervous impulses, respiration, muscle contraction, the 
early stages of photosynthesis, mitochondrial function 
and bioluminescence, involve energy changes from one 
form to the other and utilize the energy released in the 
hydrolysis of adenosine triphosphate (ATP) molecules. 
In all these processes, the site at the protein macromole¬ 
cule where ATP hydrolysis takes place is often sepa¬ 
rated by a large distance from the site where the energy 
is released. So the question arises: ‘How is the energy 
transferred from one point to the other?’ or ‘What is the 
physical mechanism of this energy transport along the 
large protein molecules?’. An answer to this was at¬ 
tempted by Szent Gyorgyi 1 when he postulated that 
during biochemical processes, the transformations oc¬ 
curring at any part of the protein macromolecule are 
transferred to its other parts through electron transport. 
Szent Gyorgyi 2 later on also gave a theory according to 
which there is a close relationship between conduction 
in proteins and cancer. According to him, an easy en¬ 
ergy and charge transport in proteins and DNA is neces¬ 
sary for the normal functioning of the cell and that if 
this flow of charge and energy in these biopolymers is 
hindered, it can lead to cancerous state. 

The conductivities of proteins have been investigated 
both experimentally and theoretically since Szent Gyor- 
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gyi’s hypothesis in 1941. The early measurements per¬ 
formed on proteins showed a weak semiconductivity in 
proteins which is possibly but not necessarily due to 
electron transport 3-7 . Since in all these experiments, the 
materials used were native proteins with an unknown 
amount of inorganic and organic impurities, it was im¬ 
possible to interpret these experimental results correctly. 
Later on some transport measurements were also carried 
out ' on these biopolymers but the same is true for these 
experiments too. 

On the theoretical side, the investigation of the elec¬ 
tronic conduction in proteins has been a very challeng¬ 
ing task due to the complexity of the protein 
macromolecules. Proteins are composed of one or more 
polypeptide chains (made up from 20 different amino 
acid residues) that for parts of their lengths can be 
folded in an apparently random way or form regular (3- 
pleated sheet or a-helical structures. The sequence of 
amino acids in a great number of proteins is known, 
though the conformations of only a few smaller protein 
molecules have been determined with the aid of X-ray 
diffraction. Further, under biological conditions, there 
are ions and water molecules which make the determi¬ 
nation of the electronic structure of these biopolymers 
more difficult. In view of all this, it has not been possi¬ 
ble to determine the electronic structure of proteins and 
thus investigate electronic conduction in them in one 
step. Investigation of electronic conduction in these bio- 
polymers has, therefore, been carried out stepwise by 
different workers during the last nearly 50. years using a 
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combination of various techniques with rather large- 
scale computations. It is only recently that it has been 
shown that proteins can become hopping conductors of 
electricity on doping. The various steps involved in 
these investigations are presented here without any 
mathematical formulation so as to be comprehensible to 
a general reader. 

Investigation of intrinsic conduction in proteins 

On the theoretical side, two pathways for electronic 
transport in proteins were initially proposed. The hydro¬ 
gen bonded network 

-C=O...H-N-C=O...H-N 

which runs perpendicular to both oc-helical and p- 
pleated sheet structures and provides an extended n- 
electron conjugated pathway was suggested by Coulson. 
Bnllouin 10 on the other hand, proposed that conduction 
in proteins may take place along the main polypeptide 
chain. He viewed that the 

O 

II 

-NH-C-CH- 

I 

R 

groups of the polypeptide chain form the elementary 
unit cell with the various R groups acting as impurity 
centres. 

The calculations by Suhai 11 for the p-pleated poly¬ 
glycine structure taking into account interactions both 
along the hydrogen-bonded networks and along the main 
polypeptide chains simultaneously showed that the most 
favourable pathway of electronic transport in proteins is 
the main polypeptide chain rather than the hydrogen- 
bonded 7t-electron network. This conclusion also got 
support from some independent experiments that include 
pulse radiolysis, flash photolysis, e.s.r and n.m.r. meas¬ 
urements on proteins all of which indicate charge carrier 
migration along polypeptide chains (see e.g. ref. 12 and 
references therein). 

Homopolypeptides and periodic polypeptides 

Various band structure calculations on periodic 
polypeptide chains have been performed 13 both on the 
semiempirical and ab initio Hartree-Fock levels. The 
band structures of all the 20 homopolypeptides and 
various polydipeptides have been calculated 14 along the 
main polypeptide chain on the basis of ab initio 
Hartree-Fock LCAO SCF CO method 15,16 . The effects 
of basis set 17 , electron correlation 18 ” 21 and environment 
(both water and ions) 22 ” 25 on the band structures of some 
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homopolypeptides and polydipeptides have also been 
investigated. Since the band structure calculations of the 
periodic multicomponent polypeptide chains by the di¬ 
rect SCF method are not very easy (in view of the large 
size of the unit cell), the electronic density of states 
(DOS) of multicomponent periodic polypeptide chains 
(containing up to seven amino acid residues) in the anti¬ 
parallel p-pleated sheet conformation have been deter¬ 
mined by Bakhshi and coworkers 26 ” 28 on the basis of ab 
initio matrix block NFC method 29 " 31 . The seven compo¬ 
nents chosen for the study include serine (ser), glycine 
(gly), cysteine (cys), asparagine (asn), histidine (his), 
aspartic acid (asp) and tryptophane (try)* In choosing 
these seven components, the aim has been to develop a 
model of a real 20-component protein chain. The calcu¬ 
lated value of fundamental band gap in all these periodic 
chains (including homopolypeptides) is found to be very 
large and, therefore, there is no possibility of intrinsic 
conductivity in these chains at physiological tempera¬ 
ture. 

Aperiodic polypeptide chains 

Aperiodic polypeptide chains are a more realistic model 
of proteins. There have been some studies on the aperi- 
odicity effects in proteins 32,33 using a semiempirical 
method. The electronic DOS of up to 7-component ape¬ 
riodic polypeptide chains in the antiparallel P-pleated 
sheet conformation have been determined 34,35 on the 
basis of the ab initio matrix block NFC method. 

In Figures 1 and 2 are shown the DOS distributions 
for both the valence and conduction band regions of 



Figure 1. The density of states for periodic poly (ser-gly-cys-asn- 
his-asp-try) a, valence band region; b, conduction band region. 
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Figure 2. The density of states for aperiodic poly (ser, gly, cys, asn; 
his, asp, try) in the composition (1:1:1:1:1:1:X) a, valence band re¬ 
gion; b, conduction band region. 


periodic and aperiodic 7-component polypeptide chains 
in the composition (1:1; 1:1:1:1:1) respectively. The 
DOS curves of aperiodic polypeptide chains look strik¬ 
ingly different from those of the periodic polypeptide 
chains. The sharp and well-separated peaks characteriz¬ 
ing periodic chains are replaced by very broad regions 
of allowed energy states with a few small gaps in be¬ 
tween. Similar results have also been observed for the 
periodic and random copolymers of conducting poly¬ 
mers 36 . As a result of this broadening, the fundamental 
energy gap in the case of aperiodic polypeptide chains is 
somewhat smaller than that of corresponding periodic 
polypeptide chains (because the valence bands move up 
and the conduction bands move down in energy), though 
its value is still too large for semiconduction to be pos¬ 
sible at physiological temperature. 


Investigation of extrinsic conduction in proteins 

There is no possibility of intrinsic conductivity in peri¬ 
odic and aperiodic polypeptide chains due to their large 
fundamental energy gap. Since the DOS curves of aperi¬ 
odic chains are very broad with a few small gaps, there 
is a possibility of extrinsic conduction (on doping with 
electron acceptors or with electron-donors) in these 
chains. To decide about the nature of this extrinsic con¬ 
duction (whether coherent Bloch-type conduction or 
charge transport through hopping), the Anderson local¬ 
ization properties 37,38 of the wavefunctions of the fron¬ 
tier orbitals (i.e. the energy levels in the upper part of 
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the valence band region or the lower part of the conduc¬ 
tion band region) were investigated from aperiodic 
polypeptide chains using inverse iteration technique 26,39 . 
These are the regions of interest if a charge transfer is to 
take place in vivo due. to the interaction of proteins with 
electron-acceptors or donors or with DNA. The re¬ 
sults 27 '^ showed that the wavefunctions are localized on 
one or two amino acid residues, thereby making charge 
transport through hopping rather probable. Assuming a 
charge transfer of O.le per unit of the aperiodic chain 
(which in vivo is rather probable), the hopping frequen¬ 
cies or the primary jump rates (i.e. the number of jumps 
from one localized state to another localized state per 
unit time of the phonon-assisted hopping at a given tem¬ 
perature T) were calculated using the generalized form 
of the theory of Mott and Davis 40 for the case of the 
arbitrary number of orbitals per unit site. The results 
show that the primary jump rates calculated for proteins 
fall in the same range of orders of magnitude as for 
amorphous semiconductors. 

A.C. conductivity of proteins 

In the above studies, since it was not possible to calcu¬ 
late the DOS curves for a polypeptide chain containing 
20 amino acids, real proteins were modelled using 4-7 
components and for calculations, the sequences of the 
amino acids in protein models were generated by a 
Monte Carlo program. 

Recently the above calculations have been extended to 
periodic and aperiodic collagen models 41,42 and two na¬ 
tive proteins, pig insulin and hen egg 43,44 white ly¬ 
sozyme. The DOS in the case of native proteins were 
determined using an extended NFC method so as to be 
able to take into account the cross-links. The electronic 
DOS of the collagen models and the two native proteins 
and the Anderson localization studies of the frontier 
orbitals (both HOMOs and LUMOs) of these proteins 
and their corresponding calculated values of the hopping 
frequencies for the first and the second neighbour hop¬ 
pings confirm the conclusions obtained from aperiodic 
polypeptide chains. One very interesting result of these 
studies and the one which is under further investigation 
is that most of the frontier orbitals of the native proteins 
are found to be Anderson localized on the residues that 
play an important role in the activities of these proteins. 
It, therefore, means that the frontier orbitals of a native 
protein influence its biological activity. 

Using the hopping frequencies calculated above and 
applying the generalized form (fo-r an arbitrary number 
of orbitals per site) of the random walk theory of Lax 
and coworkers 45 " 47 , the frequency dependent a.c. hop¬ 
ping conductivities of these proteins have been calcu¬ 
lated. The calculated a.c. conductivity of hen egg white 
lysozyme as a function of frequency, for example, is 
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Figure 3. The a.c. conductivity of hen egg white lysozyme, a, the 
real part of the conductivity o r (co); *, its imaginary part ffi(to); c, its 
absolute value la(co)l. 


shown in Figure 3. For both the proteins, it is found that 
the calculated values of the absolute c(co) in the frequency 
range 10 4 — 10 s sec" 1 fall between 10" 8 A _1 cm" 1 and 
10" 5 A _1 cm" 1 . These values lie between the curves of the 
chalcogenide glasses Te 2 AsSi and As 2 Se 3 and have in the 
most part of the curve the same order of magnitude as that 
of Te 4 8 As 3 oSii 2 Ge 10 . Since all these substances are typical 
inorganic amorphous conductors, one may conclude that 
proteins are good amorphous conductors on doping. 

It needs to be noted here that the phonon-assisted 
hopping transition of particles between spatially distinct 
locations is a phenomenon encountered in a diverse va¬ 
riety of solid state systems. For instance, in weakly 
doped and compensated semiconductors, the phenome¬ 
non of impurity conduction arises from hopping of elec¬ 
trons between impurity sites. Furthermore, in crystals 
with a narrow' conduction band and strong electron- 
phonon interaction, a new quasi-particle, the small po- 
laron is formed which at sufficiently high temperatures 
moves through the crystal by hopping from site to site. 
Another example of hopping motion in solids is the 
hopping diffusion of Frenkel excitons in molecular 
crystals. In the recent past, phonon-assisted hopping of 
electrons between soliton bound states has also been 
proposed as a possible dominant conduction mechanism 
in highly doped quasi-one-dimensional Peierls systems 
such as polyacetylene. 

Conclusions 

The recent results of ab initio quantum-chamisol calcu¬ 
lations using the theory of disordered systems show that 
proteins, though insulating in their intrinsic state, can 
transport charge via phonon-assisted hopping mecha¬ 
nism on doping with electron-acceptors or electron- 
donors in vivo. The calculated values of the a.c. con¬ 
ductivity of proteins are found to be comparable to those 
of the inorganic amorphous conductors. These are the 
most accurate calculations performed on the electronic 
structure of proteins till now and the results obtained 
add to our understanding of the processes such as oxy¬ 
gen metabolism in animals, photosynthesis in plants, 
signal transmission via energy and charge transport and 
perhaps also carcinogenesis as originally postulated by 
Szent Gyorgyi.One should point out here that there are 
a large number of papers in the literature dealing with 
the electron transfer (ET) in large systems and a number 
of mechanisms of charge transport via proton/ion trans¬ 
port, electron tunnelling or with the help of through 
bond interaction (especially through the hydrogen bond) 
have been/ proposed (see e.g. references 48-51 and the 
various articles in Chem. Rev., 1992, 92). It is quite 
possible that these different mechanisms supplement 
each other in an aperiodic protein folded in a compli¬ 
cated way. 
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the mammalian vas deferens, an organ of the male re¬ 
productive tract. The vas receives a purely sympathetic 
motor innervation from the vas deferens nerve (in turn 
supplied by the preganglionic hypogastric nerve). Nerve 
stimulation results electrically in transient depolariza¬ 
tions of membrane potential, the intracellularly recorded 
excitatory junction potentials (EJPs) 1,8,9 which evoke 
action potentials, and mechanically it results in contrac¬ 
tion of the smooth muscle mass 10 . The anatomically 
sympathetic innervation of the vas deferens bears, ac¬ 
cording to numerous physiological criteria, the hall¬ 
marks of a noradrenergic system. NA is present in the 
vas deferens of several species at a uniquely high con¬ 
centration 11-13 , and a dense noradrenergic innervation 
has been demonstrated histochemically 14 " 16 . In electron 
microscopic studies the axons and axon varicosities of 
the vas deferens nerve are found to include granular 
vesicles typical of NA-containing structures 17,18 . The vas 
deferens contracts in response to externally applied 
NA 19 " 22 . Finally, superfusion with adrenergic neuron 
blockers such as bretylium and guanethidine, or chemi¬ 
cal sympathectomy with the neurotoxin 6-hydroxydop- 
amine, abolishes the responses to nerve stimulation, 
confirming that the motor transmitter indeed originates 
from the sympathetic nerves 23 " 27 . By analogy with other 
noradrenergic junctions, and on the basis of these 
physiological, pharmacological and histochemical prop¬ 
erties, it was concluded by the pioneering investigators 
that NA was the only neurotransmitter released from the 
motor innervation of the vas deferens 28,29 . 
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Figure 1. Schematic illustration of the effects of reserpine pretreat¬ 
ment and of a-adrenoceptor antagonists on the nerve stimulation- 
evoked contractile and electrical responses of the guinea-pig vas 
deferens. The contractions are elicited by short-duration trains of 
pulses (~5 s long, at frequencies of 10-20 Hz). EJPs are shown elic¬ 
ited by individual stimuli delivered at about 1 Hz. Both reserpine 
and a-antagonists reduce but do not abolish the contractions, and 
have no significant effect on the EJPs. Horizontal bars indicate pe¬ 
riod of repetitive stimulation eliciting contractions; vertical lines 
indicate individual stimuli that evoke EJPs. Calibration on right 
applies to EJPs and that on left to contractions. This figure, along 
with Figures 2 and 3, is based on the results in refs. 21, 22, 34. 
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Surprisingly, though, an equally large volume of- evi¬ 
dence indicated that some components of neurotrans¬ 
mission in this organ might be produced by mechanisms 
unrelated to NA. The observations underlying this idea 
date back in fact to the earliest studies on the isolated 
vas deferens, when Hukovic 10 found that the neurogenic 
contractions of the guinea pig vas deferens were reduced 
but never completely abolished by pre-treating the ani¬ 
mals with reserpine, chemical which depletes almost 
completely the neuronal stores of NA 30 ' 31 (Figure 1 b). 
Similar observations on the contractions were made sub¬ 
sequently in several laboratories 19 ' 32 " 34 . The postjunc¬ 
tional electrical responses of the vas deferens, the 
excitatory junction potentials (EJPs), were also found to 
be resistant to the action of reserpine 22 ' 34 " 37 (Figure 1 b). 
Since it was known that reserpine at the doses in which 
it was used in these studies depleted NA by more than 
99%, the responses that remained could not reasonably 
be attributed to NA. 

In addition, the pharmacological profiles of the 
neurogenic contractions proved to be incompatible with 
purely noradrenergic mechanisms. Superfusion of the 
vas deferens with a variety of a- and (3-adrenoreceptor 
antagonists, which block the smooth muscle membrane 
receptors responsible for mediating the effects of NA 4 " 6 , 
failed to abolish completely the responses to nerve 
stimulation 19 ’ 38 " 40 (Figure 1 c). Yet a,-adrenoreceptor 
antagonists readily blocked the contractile responses to 
exogenous (externally applied) NA 19,30,32,41,42 . The latter 
observation indicated that NA mediated a part of the 
contractile response through classical a-adrenoreceptors 
(in this case shown to be of the a! subtype), and also 
that the oci antagonists were able to gain access to the 
receptor population that NA acted upon. But the compo¬ 
nent of contraction that was resistant to oc-receptor 
blockade could arise from some other mechanism not 
involving NA. The EJPs, too, persisted in the presence 
of oc-adrenoreceptor blockers such as phenoxyben- 
zamine or prazosin (Figure 1 c ) 22 « 28 ’ 43 > 44 

To summarize, both reserpine pretreatment, which 
depletes neuronal stores of NA, and a-receptor block¬ 
ade, which prevents NA from acting on the smooth 
muscle, failed to abolish either the contractions or the 
EJPs. 

A clue to the cause of these discrepancies came from 
the observations on the neurogenic contractile response 
of the vas deferens when elicited by relatively prolonged 
stimulation pulse trains (e.g. 30 seconds duration at 
8 Hz) rather than the conventional short ones (2-10 s 
duration)" 5 . The contraction then consisted of two dis¬ 
tinct phases: a rapid phase (the ‘twitch’ contraction) and 
a slower phase (the ‘phasic’ contraction) (Figure 2 a). In 
his seminal report Swedin 25 reported that reserpine pre¬ 
treatment abolished only the second slow phase of the 
response, leaving the first rapid phase intact (Figure 
2 b). The rapid phase was also left intact, or even 
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Biphasic Contsacdons 





Figure 2. a , Biphasic neurogenic contractions of the vas deferens 
produced by’long-duration trains of stimuli (20-30 s long, at fre¬ 
quencies of 10-20 Hz). Note the compressed time scale compared 
with that in Figure 1 . b. Effects of reserpine pretreatment and of ct- 
adrenoceptor antagonists on the biphasic contractions. Only the sec¬ 
ond, slow phase is affected. 


enhanced, by the a-antagonist phentolamine, which by 
contrast 1 powerfully antagonized the second slow phase 
(Figure 2 b). Since the vas deferens is known to be in¬ 
nervated almost solely by sympathetic nerves, the pos¬ 
sibility arose that a non-noradrenergic transmitter 
substance might be released along with NA from the 
same nerve fibres to mediate the rapid contractile phase. 
The susceptibility to reserpine pre-treatment and to ot- 
adrenoreceptor blockade of the second but not the first 
phase of the neurogenic contraction following trains of 
stimuli has been confirmed in a number of investiga¬ 
tions 21 ’ 22 ’ 26 ’ 34 ' 44 " 46 . 

On closer scrutiny, the contractile response of the vas 
deferens to just a single nerve stimulus was also discov¬ 
ered to have two phases 47 . The components of the sin¬ 
gle-stimulus mechanical response behaved in the same 
manner as did those following repetitive stimulation, i.e. 
the second phase was sensitive to both reserpine pre¬ 
treatment and to cx-adrenoreceptor antagonists, whereas 
the first phase was not 45 ’ 47 . The most parsimonious ex¬ 


planation of these phenomena is that although NA may 
indeed be the neurotransmitter of the second, slow phase 
of the neurogenic contraction of the vas deferens, the 
first, rapid phase of the contraction, and the EJPs of the 
vas deferens, may be produced by non-noradrenergic 
mechanisms, that is, by a second, non-noradrenergic 
‘co-transmitter’ 22 released from the sympathetic nerves. 
(This is a revolutionary biological concept: ever since 
the discovery of neurotransmission it had been believed 
that an individual nerve cell releases just one transmit¬ 
ter.) The question arises: what substance might the co¬ 
transmitter be? 

Purinergic transmission 

Following a series of experiments in different laborato¬ 
ries in which none of the ‘classical’ transmitters includ¬ 
ing acetylcholine, 5-hydroxytryptamine, histamine and 
dopamine, were found to possess transmitter-like activ¬ 
ity at the sympathetic neuroeffector junction, the most 
likely candidate to emerge in the role of a sympathetic 
‘co-transmitter’ is the purine, ATP. It seems at first sight 
a matter of surprise that ATP, so well known for its in¬ 
tracellular energy-related functions 48 should be put to 
use as a neurotransmitter. Nevertheless the idea that 
ATP might also act as a neurotransmitter is not new; it 
is about 40 years old, among the first such suggestions, 
having appeared in the 1950s 4950 . Burnstock and his 
colleagues 51 were the first to attribute to ATP a neuro¬ 
transmitter function in the autonomic nervous system. 
But the suggestion that it is involved in sympathetic 
neurotransmission is a relatively recent one, going back 
to the early 1980s. The neurotransmitter role of ATP in 
a number of tissues has been considered and widely dis¬ 
cussed elsewhere 7 ’ 52 ” 55 , and recently it has been summa¬ 
rized for the central nervous system 56 . These reviews 
may be consulted for certain details of purinergic 
transmission that will not be elaborated here, such as the 
structures of purinergic receptors and their transduction 
mechanisms. 

ATP as a sympathetic neurotransmitter 

For a putative substance to be considered unequivocally 
the transmitter at a neuromuscular junction, several cri¬ 
teria need to be satisfied, of which the following are of 
greatest importance 2 ’ 57 . 

i) The substance must be shown to be stored in the pre¬ 
junctional nerve fibres, and released from them follow¬ 
ing nerve stimulation. 

ii) Upon external application to the muscle it should 
produce responses, both electrical as well as contractile, 
similar to those following nerve stimulation. In the case 
of the vas deferens, therefore, externally applied ATP 
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should mimic the EJP as well as the rapid phase of the 
neurogenic contraction. 

iii) Both the neurogenic responses and those evoked by 
the substance applied externally should be blocked by 
the same antagonists. 

iv) A change in external conditions, such as the tempera¬ 
ture or pH, should produce matching alterations in 
neurogenic responses and those elicited by the substance 
applied externally. 

v) A demonstrable mechanism of inactivation for the 
putative neurotransmitter should exist at the synapse 
being studied; and interference with inactivation should 
lead to potentiation and prolongation of the postjunc¬ 
tional responses. 

We may now see against the above criteria the perti¬ 
nent experimental observations that help us to evaluate 
the degree to which ATP satisfies its putative function 
as a sympathetic co-transmitter. 

Storage and release 

The storage of NA and ATP in sympathetic nerve axons, 
and indeed in the same intra-axonal vesicles, was widely 
documented in biochemical studies 18 31 . ATP was shown 
to be co-stored with NA in these vesicles. To establish 
that ATP is released from these vesicles by nerve 
stimulation is not straightforward. Experiments are 
usually performed on isolated nerve-muscle prepara¬ 
tions, and whether the ATP detected after stimulation 
originates from the nerve fibres themselves or from ex¬ 
traneuronal tissue (e.g. consequent to the action of neu¬ 
rotransmitter), needs to be resolved. The initial 
suggestion that ATP is released from the sympathetic 
innervation of the vas deferens is due to Westfall et 
al. . They demonstrated the release, following nerve 
stimulation, of tritium from vasa deferentia preincubated 
with 3 [H]-adenosine, suggesting the release of ATP from 
the sympathetic nerves (assuming the incorporation of 
the label into intra-axonal ATP). But in these studies the 
possibility of extraneuronal release of ATP could not be 
dismissed. More convincingly, Lew and White 59 moni¬ 
tored the release of endogenous ATP by detecting the 
luminescence produced by its reaction with firefly lu- 
ciferin-luciferase included in the incubation medium. 
They showed that the tetrodotoxin-sensitive (and hence 
nerve action potential produced) postjunctional con¬ 
tractile responses were accompanied by neurogenic re¬ 
lease of ATP; however when contractions were 
produced by exogenously applied phenylephrine (an a, 

noradrenergic agonist), ATP was not released concomi¬ 
tantly. Thus the ATP that is released consequent to 
nerve stimulation seems to originate from the sympa¬ 
thetic innervation and not from the postjunctional 
smooth muscle cells, for instance following the activa¬ 
tion of a, receptors by NA. Other laboratories have also 
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documented the neuronal release of ATP from the sym¬ 
pathetic innervation following activation 60-63 . 

Cultured sympathetic neurons offer a preparation free 
from the uncertainties of whole tissue, because no post¬ 
receptor or other extraneuronal elements are present to 
complicate interpretation. Recently von Kiigelgen et 
al. have demonstrated the co-release of NA and ATP 
from cultured chick sympathetic neutrons, lending ro¬ 
bust support to the hypothesis that the putative co¬ 
transmitters are stored in and released from the same 
sympathetic nerve fibres. It has now become possible to 
make indirect measurements of the release of NA fol¬ 
lowing individual stimulus delivered to the nerve, using 
the electrochemically determined NA oxidation current 
at thin carbon fibre electrodes placed near neuronal 
varicosities . Should a method with similar resolu¬ 
tion be developed for measurement of pre-pulse ATP 
release, it would greatly enhance our understanding of 
the release kinetics of these transmitters, and of the is¬ 
sue of whether or not they are truly ‘co-released’ at the 
level of the individual varicosity when it is invaded by a 
single nerve impulse. . 

Antagonist sensitivity 

Receptor antagonists have played a significant role in 
the delineation of neurotransmission processes 4,5 , as 
outlined above for the evolution of ideas against purely 
noradrenergic transmission from sympathetic nerves. 
For noradrenergic receptors, antagonists have been 
known since the early part of this century. But for the 
postjunctional excitatory purinergic receptors in the vas 
deferens and blood vessels (the P 2x receptors 68,69 ) no 
specific blockers were available until the early eighties, 
which saw the introduction of two such agents. The first 
was the light-activated, irreversibly binding ATP ana¬ 
logue arylazido aminopropionyl ATP (ANAPP 3 ) which 
in 1980 was shown by Hogaboom et alJ° to possess the 
properties of a specific P 2 -purinoreceptor antagonist. 
Subsequently, Kasakov and Burnstock 71 reported that 
another ATP analogue, a,p-methylene ATP (a,P-meATP), 
produced a slow desensitizing action on P 2 purinoreceptors 
and could be used thereby to antagonize the actions of 
ATP. Using these substances it was shown that: 

(i) The seemingly non-noradrenergic neurogenic re¬ 
sponses of the vas deferens, i.e. the rapid phase of con¬ 
traction and the EJPs, were specifically abolished by 
either the blockade (by ANAPP3) or the desensitization 
(by oc,P-meATP) of the postjunctional P 2 purinorecep¬ 
tors 22,39 ’ 72 (Figure 3 a, b). 

(ii) The contractile as well as electrical responses to 

exogenously applied ATP were similarly abolished by 
both agents. However the P 2 receptor blockers left unaf¬ 
fected by NA-mediated slow phase of contrac- 
tion (Figure 3 a, b). 
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Figure 3. Depiction of the effect of P 2 -purinoceptor antagonists alone and of a combination of a- 
adrenoceptor and P 2 -purinoceptor antagonists on the biphasic contractions (a) and the EJPs ( b) of the vas 
deferens. Blockade of purinergic transmission affects only the first, rapid phase of contraction while block¬ 
ade of both purinergic and adrenergic receptors affects both phases. Purinergic receptor blockade alone is 
sufficient to suppress EJPs. 


(iii) Significantly, when either ANAPP3 or oc,( 3 -meATP was 
used together with an a-antagonist, e.g. prazosin, contrac¬ 
tions were in most cases fully abolished (Figure 3 a). This 
indicated that transmission by NA and ATP together was 
sufficient to account for all sympathetically evoked post¬ 
junctional responses (but see ref. 73 for suggestion of a 
third transmitter in the vas deferens of young guinea-pigs). 

The experimental use of ANAPP3 or of a, P me-ATP 
is problematic, that of the former procedurally since it is 
photoactivated and irreversible, and that of the latter 
because the antagonism is elicited through desensitiza¬ 
tion, which may alter receptor properties in subtle ways. 
In recent years several other substances have been re¬ 
ported to exhibit more or less selective, reversible 
blockade of P2 X purinoreceptors. They include trypan 
blue 72 , pyridoxalphosphate- 6 -azophenyl- 2 / , 4 / -disulpho- 
nic acid (PPADS) 75,77 and the erstwhile trypanocidal 
agent suramin 77-80 . It is hoped that substances such as 
these will facilitate detailed characterization of purin¬ 
ergic neurotransmission by acting as starting points for 
the development of ever more specific P 2x purinoceptor 
antagonists. Of these, suramin seems to be the most 
promising. Its antagonist activity was first reported in 
1988 (ref. 77), and since then its use in blocking purin¬ 
ergic responses has proliferated 81 85 . The use of suramin 
in sympathetic end organs such as the vas deferens and 
blood vessels has confirmed the ideas obtained earlier 
with ANAPP 3 and a,B-meATP, and has put on surer 

** 1 77_g5 

footing the neurotransmitter role of ATP 
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Actions of exogenous ATP 

When ATP is applied externally to the vas deferens it 
produces contractions that are similar to the first rapid 
phase of neurogenic contraction, the phase which is re¬ 
sistant to adrenoreceptor but sensitive to purinoceptor 
blockade. Exogenous NA also evokes a contraction, but 
one that is comparatively sluggish and resembles the 
slower a r antagonist sensitive phase of the neurogenic 
contraction. The responses to ATP and to NA have the 
expected pharmacological sensitivities, with the ATP 
contractions being blocked selectively by purinoreceptor 
antagonists and the NA contractions by cti blockers 22 . 

Contractile responses of a muscle are the end effect of 
a series of processes beginning with neuromuscular 
transmission and including muscle action potential gen¬ 
eration and propagation, excitation-contraction cou¬ 
pling, and activation of the contractile machinery. The 
very first event to occur during excitatory neurotrans¬ 
mission is the generation by the neurotransmitter of de¬ 
polarizations such as the EJP. Therefore mimicry of the 
neurogenic electrical event, the EJP, provides a more 
stringent test of the neurotransmitter function of a pro¬ 
posed substance. 

The electrical effects of local application .of ATP 
through microelectrodes were first investigated on the 
vas deferens in the early eighties 22,44 . It was shown that 
ATP produced depolarizations (ATP potentials) that 
were similar in shape to EJPs in the guinea pig vas def¬ 
erens, but they did not examine closely the accuracy of 
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Figure 4. Comparison of neurogenic EJPs with ATP potentials pro¬ 
duced by ATP (1CT 4 M) applied externally from a micropipette posi¬ 
tioned within about 100 pm of the recording microelectrode. Note 
the close correspondence in amplitudes and time courses. The sharp 
downward vertical deflections are the stimulus artifacts preceding 
the EJPs, and the small brief depolarizations are spontaneous excita¬ 
tory junction potentials (SEJPs). Duration of ATP application was 
6 min. Each pair of records are taken from a different tissue. 

replication. Subsequent experiments showed 86 that the 
application of brief pulses of ATP, lasting less than 
10 min, onto the surgically cleaned surface of the vas 
deferens produced ATP potentials that were virtually 
identical in all respects to EJPs evoked simultaneously 
in the same tissue. Examples of this correspondence are 
shown in Figure 4. It is evident that EJPs and ATP po¬ 
tentials have very similar rise times, durations, time 
constants of decay, and amplitudes. The striking simi¬ 
larity indicates that the mechanism of action and of in¬ 
activation of the endogenous neurotransmitter must be 
very similar to that of the externally applied ATP. 

In contrast to the effect of exogenous ATP, exogenous 
NA applied focally did not produce postjunctional depo¬ 
larizations. This, together with the accurate replication 
of the EJP by ATP, renders it likely that ATP, and not 
NA, is the sympathetic transmitter producing the 
EJP ’ * . Strengthening this conclusion, it has been 
shown using extracellular recording that the transmem¬ 
brane currents in smooth muscle that underly the EJP, 
the excitatory junction currents (EJCs), are also very 
similar when they are produced either by locally applied 
ATP or as a result of nerve stimulation 88 

Effects of external conditions 

The effects of temperature on sympathetic neurotrans¬ 
mission have received considerable attention. Both the 
neurogenic contractile response 19,47,89,90 as well as the 
EJPs 91,92 of the vas deferens are prolonged when tem¬ 
perature is lowered from 35 to 25°C, It was therefore of 



35 °C 



Figure 5. Effect of temperature on EJPs {a) and ATP potentials (6). 
EPPs at 25°C are not only prolonged but also potentiated, the 
mechanism for which is not known. Duration of application of ATP 
is as indicated. 


interest to see whether responses evoked by exogenous 
ATP would be affected likewise. The comparative ef¬ 
fects of temperature on EJPs 86,93 and on ATP-evoked 
depolarizations 86 have been investigated. It was found, 
as shown in Figure 5, that both EJPs and ATP potentials 
were prolonged in a similar manner by cooling. The rise 
time as well as the decay time constants of the depolari¬ 
zations were lengthened, and the Q 10 for the temperature 
sensitive decays of both EJPs and ATP potentials was 
similar. It remains to be seen whether changes in other 
external conditions, e.g. pH and the ionic composition 
of the extracellular fluid, have parallel effects on both 
events. 

Inactivation 

The mechanism of inactivation of ATP following its 
neural release is yet to be fully elucidated. ATP is 
known to be degraded enzymatically both within cells 
and extracellularly by different kinds of ATPases 94,95 , 
and it is reasonable to propose that nerve released ATP 
is removed by enzymatic hydrolysis. This possibility 
could be tested directly if the enzyme responsible for the 
synaptic inactivation of ATP were known and character¬ 
ized, and if inhibitors for it were available. But, there is 
as yet no definitive information on these issues. An indi¬ 
rect test of the possibility can however be carried out by 
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Figure 6. Relative time courses of EJPs, ATP potentials and a,p- 
meATP potentials, a, A train of EJPs followed by a depolarization 
produced by focal application of 10~ 6 M cx,(5-meATP. The EJPs show 
facilitation in amplitude as is normally the case for the first few EJPs 
in a train. The small brief depolarizations are SEJPs. b , Showing the 
very slow rising phase of an a,(3-meATP potential compared with the 
time courses of an EJP and an ATP potential. ATP and a,p-meATP 
potentials were obtained using pulsed applications of durations be¬ 
tween 6 and 10 min. Calibrations: Voltage: 2 mV for a , 4 mV for b , 
Time: 5 s for a , 0.5 s for b. 


using a nondegradable analogue of ATP which activates 
the P 2 x purinoreceptors but escapes enzymatic destruc¬ 
tion. An example is the desensitizing blocker a,(3- 
meATP (since it activates the receptors before desensiti¬ 
zation sets in). This substance produces contractions 
and depolarizations 86 that are 10-30 times more pro¬ 
longed than the analogous events evoked by ATP. Ex¬ 
amples of the prolonged responses are shown in Figure 
. 6. One may reasonably conclude that the longevity of 
responses to a,(3-meATP owes to the relatively pro¬ 
longed presence of this agent in the extracellular space 
by virtue of its resistance to hydrolysis. The electrical 
responses to a,p-meATP were shown not to be artefacts, 
arising for instance from variations in placement of the 
microelectrode, since when both ATP and a,[3-meATP 
were applied from the same microelectrode, biphasic 
depolarizations were obtained, an initial rapid phase 
mediated by ATP and a slower second phase due to a,p- 
meATP (Figure 7 a) 96 . 

Observations of this nature are consistent with the 
idea of enzymatic breakdown of ATP, perhaps by an 
extracellular ATPase. The evidence parallels that ob¬ 
tained at the skeletal neuromuscular junction, where the 
neurotransmitter acetylcholine (ACh) acts upon post¬ 
junctional nicotinic receptors and is inactivated by the 

CURRENT SCIENCE, VOL. 70, NO. 4, 25 FEBRUARY 1996 



Figure 7. a , Membrane potential change produced by a mixture of 
KT 4 M ATP and 10~ 6 M cx,P-meATP applied from the same micropi¬ 
pette, showed on a compressed time scale (upper panel) and an ex¬ 
panded one (lower panel), b , cc,(3-meATP potentials at two 
temperatures, showing the lack of effect of temperature on the dura¬ 
tions of these potentials. Calibration same as in upper panel of a . 


junctional enzyme acetylcholinesterase (AChE). Here, 
too, substances such as carbachol, which act upon the 
nicotinic receptors, as does ACh, but are resistant to 
destruction by AChE produce depolarizations that are 
considerably potentiated and prolonged compared with 
those produced by ACh 97 . 

In skeletal muscle, investigation of cholinergic 
transmission was greatly aided by the availability of 

• • 98-100 

specific inhibitors of AChE, such as neostigmine 
Specific inhibitors of the junctional ATPase presumably 
involved in the degradation of extraneuronal ATP are 
not yet available. However, since enzyme action is tem¬ 
perature sensitive, the proposed enzymatic hydrolysis of 
ATP at sympathetic junctions may also be suggested to 
be a temperature-sensitive process. Indeed, ATPases in 
general are known to be temperature sensitive . As 
mentioned above, EJPs and ATP responses are pro¬ 
longed by cooling. It is possible, then, that the prolon¬ 
gation at low temperature of EJPs and ATP potentials 
might arise from inhibition of the ATPase resulting from 
cooling 86 . 

One can test this hypothesis further by the use of a,p- 
meATP and the following argument. In the case of an 
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activator which is not affected by transmitter removal 
mechanism, the responses that it produces should be 
insensitive to inhibition of the removal mechanism. Such 
has been found to be true at other synapses. Thus in 
skeletal muscle, the responses evoked by the AChE- 
resistant agents, carbachol and decamethonium, do not 
change when AChE is inhibited 97 . By analogy, if tem¬ 
perature affects junctional ATPase, one would expect 
that the responses to a,|J-meATP should not be tempera¬ 
ture sensitive even though the responses to ATP are. 
Experimental observations support this prediction 86 : 
although lowered temperature prolonged EJPs and ATP 
potentials, it did not significantly affect the duration of 
the depolarizations produced by a,P~meATP (Figure 
lb). 

These observations strongly suggest, but do not es¬ 
tablish, the idea that enzymatic hydrolysis of ATP may 
be the principal mechanism limiting its junctional life¬ 
time after release. Support for this notion has come from 
recent experiments 102 in which the membrane currents 
elicited by ATP and its analogues in enzymatically iso¬ 
lated single smooth muscle cells were examined. Dis¬ 
persed cells are thought not to have extracellular 
ATPase associated with their external surfaces, since the 
overlying extracellular matrix has been removed. Under 
these conditions it was found that ATP and a,|3-meATP 
produced membrane current responses at equal potency 
and of similar time course. Thus in the absence of the 
putative enzymatic removal mechanism, ATP produces 
responses that emulate those of its nondegradable ana¬ 
logue, much the same as ACh at skeletal muscle end 
plates produces responses similar to those of carbachol 
once AChE has been inhibited 97,98 . Validation of this 
hypothesis will have to await the discovery of specific 
extracellular ATPase inhibitors. The hunt is now on for 
such a substance 95,103 , and in the next few years it will 
be of great interest to see if one is found, and if it can be 
shown to exert the anticipated effects. This will place 
the purinergic transmitter hypothesis on rather firmer 
footing. 

Vascular and other tissues 

Evidence for a neurotransmitter function for ATP in 
sympathetically innervated vascular tissue will now be 
summarized. It is along similar lines to that obtained in 
the vas deferens. Accordingly, the electrical and me¬ 
chanical responses of many blood vessels to sympathetic 
nerve stimulation are not completely abolished by re- 
serpine pre-treatment or by a-adrenoreceptor blockers. 
The resistant components of the responses are, however, 
generally abolished after exposure to either a,(3-meATP 
or ANAPP 3 , and can be mimicked by exogenous 
ATP 87,104 " 412 . Owing to these and other lines of evi¬ 
dence, purinergic as well as noradrenergic components 
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of sympathetic neurotransmission seem to exist in the 
vasculature. 

Apart from its role in sympathetic function in the vas 
and the vasculature, evidence is also fast accumulating 
for transmitter-like actions of ATP in other autonomic 
end organs 7 . These include the cat colon 83 , chicken rec¬ 
tum 113 , the bladder of several species 114,115 , and guinea- 
pig stomach 116 and colon 117 . 

It is interesting to note that ATP may be a transmitter 
at synapses in the central nervous system 56,84,118-121 . Ed¬ 
wards et ai U9 and Evans et al. 120 have presented con¬ 
vincing evidence that ATP mediates the fast synaptic 
currents associated with neurotransmission in rat medial 
habenula and guinea pig cultured coeliac ganglion neu¬ 
rones, respectively. Zimmerman 56 has summarized these 
developments. This new area of interrogation opens up 
new and exciting possibilities, as ATP could be in¬ 
volved in the central regulation of physiological events 
in addition to transmitting, in the periphery, the cen¬ 
trally issued commands. 

Problems with the purinergic hypothesis, and 
open questions 

Although the evidence for purinergic transmission is 
gaining in strength, it has not found unquestioning ac¬ 
ceptance. Indeed, the results pointing to non- 
noradrenergic mechanisms (detailed in the section 'Non- 
noradrenergic sympathetic neurotransmission ’ above) 
have been sought to be reconciled within the framework 
of noradrenergic transmission. Some have gone so far as 
to invoke the existence of a unique, hitherto unknown, 
kind of adrenergic receptor, the y-receptor 122,123 , a sug¬ 
gestion that has fuelled considerable debate 124-127 . The 
demerits of the y-receptor hypothesis are that the recep¬ 
tor itself is purely a conjectural construct, and it is un- 
testable because no antagonist is known that will block 
it. In comparison the purinergic hypothesis offers to date 
the most economical explanation of the range of ex¬ 
perimental observations before us, rendering any alter¬ 
native hypothesis perhaps unnecessary 37 . 

There are other problems with the hypothesis of 
cotransmission by NA and ATP. For instance if ATP 
mediates the electrical events, it remains to be demon¬ 
strated, as has convincingly been done for ACh at the 
skeletal neuromuscular junction 128 , and that the amount 
of ATP stored in a vesicle is sufficient to account for the 
effect of quantal release, i.e. a spontaneous EJP. At pre¬ 
sent the best estimate for the ATP content of a vesicle is 
quite low, falling between 20 and 60 molecules 129 . It is 
not clear whether this is sufficient to account for the 
generation of the SEJP. But since the determination of 
ATP content is itself subject to considerable uncertainty, 
ATP being a very labile molecule, it is possible that new 
improved estimates will afford a better match. 
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The details of co-storage of ATP and NA, such as energy 
requirements and vesicle membrane pumping mecha¬ 
nisms 18,56,130 , need to be elucidated. Concerning postjunc¬ 
tional responses, it remains to be shown that externally 
applied ATP can mimic the SEJP of smooth muscle in ad¬ 
dition to the EJP, although there is some indirect evidence 
for this 88 . The development of selective purinoreceptor an¬ 
tagonists, and the differentiation of the effects of ATP from 
those of its analogues and breakdown products at the recep¬ 
tors, would help isolate the actions of ATP as against those 
of other agonists. The identification of the ecto-ATPases 
which subserve the removal of ATP during neurotransmis- 
sion will greatly aid the clarification of purinergic junc¬ 
tional mechanisms. So will the development of specific 
inhibitors for these enzymes. Substances such as Evans blue 
seem to hold considerable promise in this respect 131 . Finally 
at the microelectrophysiological level it needs to be shown 
that the ion channel activation events produced by ATP at 
the P 2 x purinoreceptors are of a nature that can fully ac¬ 
count for its macroscopic quantal actions, i.e. the SEJCs 
and SEJPs. The techniques of recording (patch clamp) or 
inferring (fluctuation analysis) single channel transitions 
produced by ATP should help answer these questions. 

Concluding remarks 

50 years after the discovery of NA we cannot confi¬ 
dently equate, as Brown (ref. 132) could, NA with 



Figure 8. Sympathetic excitatory co-transmission by NA and ATP 
in the vas deferens: salient features. ATP and NA are co-stored in 
synaptic vesicles (s.v.) clustered in a sympathetic terminal axonal 
varicosity (V). Both substances are exocytosed into the synaptic cleft 
when transmitter release is induced (shaded arrows). NA acts upon 
postjunctional ai adrenoreceptors located in the smooth muscle cell 
(SMC) membrane, while ATP acts on P 2x purinoreceptors. Through 
these receptors which are thought to be linked to, or themselves 
constitute, ion channels permeable to Na + and Ca ++ , ATP generates 
EJPs. EJPs can give rise to action potentials which in tarn are 
thought to set off the rapid phase of contraction. By a mechanism 
that probably involves Ca ++ mobilization, noradrenergic activation 
produces the slow phase of contraction. The fast and slow contrac¬ 
tions produced by the two co-transmitters sum to produce the kind of 
biphasic contractions shown in Figures 2 and 3. 
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The’ sympathetic neurotransmitter. Many end organ 
sympathetic responses are now proving to be more ame¬ 
nable to explanation by purinergic rather than noradren¬ 
ergic mechanisms. It seems inescapable now to invoke 
co-transmission by NA and ATP to explain the range of 
observations before us. The idea of co-transmission it¬ 
self, although first put forth only about 20 years ago 13 , 
is now firmly in place for a wide variety of autonomic 
junctions 134 . Specifically for sympathetic nerves, we 
may now consider a depiction of current knowledge 
such as the one in Figure 8, in which ATP and NA are 
both released from the same varicosity and act upon the 
smooth muscle cells via different pathways to exert their 
effects. The effects in this scheme are shown to be inde¬ 
pendent; but there is the possibility, yet to be fully ex¬ 
plored, that each transmitter may also subtly modulate 
the actions of the other. Another complication not illus¬ 
trated is that yet another co-transmitter may also be in¬ 
volved. 

In summary, although at selected junctions and for 
certain postjunctional responses the evidence for ATP 
being a neurotransmitter appears compelling, further 
work needs to be done before the idea can be accepted 
unequivocally. And if co-transmission by NA and ATP 
proves to be a governing principle of sympathetic neuro¬ 
transmission, it will necessitate a fundamental change in 
our conception of sympathetic and noradrenergic func¬ 
tion, both in the central and the peripheral nervous sys¬ 
tems. 
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Covariant differentials lead to the design of a 
novel self-tuning power system stabilizer 


D. P. Sen Gupta and Indraneel Sen 

Department of Electrical Engineering, Indian Institute of Science, Bangalore 560 012, India 


Application of differential geometry to study the 
dynamics of electrical machines by Gabriel Kron 
evoked only theoretical interest among the power 
system Engineers and was considered hardly suitable 
for any practical use. Extension of Kron’s work led 
to a physical understanding of the processes govern¬ 
ing the small oscillation instability in power system. 
This in turn has made it possible to design a selt- 
tuning Power System Stabilizer to contain the oscil- 


THE application of tensor calculus in analysing the per¬ 
formance of electrical machines was initiated by Gabriel 
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latory instability over an extended range of system 
and operating conditions. This paper briefly recounts 
the history of this development and touches upon the 
essential design features of the stabilizer. It presents 
some results from simulation studies, laboratory ex¬ 
periments and recently conducted field trials at ac¬ 
tual plants - all of which help to establish the 
efficacy of the proposed stabilizer and corroborate 
the theoretical findings. 


Kron in the thirties 1 . Criticized by physicists for his in¬ 
trusion into Riemannian geometry, needed for the de- 
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Once it was established that the total losses in the 
system could indeed be equated to Edz 2 P, it was possi¬ 
ble to establish that the damping produced in the regula¬ 
tor circuit P DR , is exactly proportional to the incremental 
power input into the AVR circuit or, 

T dr = K a Re (A V t Az' f *)//z 2 

= K a (A V t Aif cos 0)//z 2 , ( 11 ) 

where AT a is the AVR gain, AV t is the change in the 
terminal voltage and Az f is the change in field current. 
This expression for P DR , unlike some other expressions 9 , 
is direct and has considerable physical significance. It 
has been seen that for most operating conditions the 
angle <I> or the angle between the injected voltage to the 
AVR and the resulting change in the current A i f is larger 
than 90°. This is only possible when the field circuit 
appears to have a negative resistance. Since positive 
A i 2 R provides positive damping, Az 2 (-P) provides 
negative damping and helps in building up the oscilla¬ 
tions. 

The AVR damping torque is usually negative when 
the load and the AVR gains are large and the feedback 
time constant is negligibly low (the characteristic fea¬ 
tures of a modern solid state excitation system). Having 
established the relation given in equation ( 11 ) the rea¬ 
sons for T DR becoming negative can now be investi¬ 
gated. 

The change in terminal voltage is contributed by vari¬ 
ous changes in the system and can be expressed in terms 
of changes in field excitation, rotor speed and the load 
angle as follows, 

AV t - KfAif + A^Aco +A^A 8 , ( 12 ) 

or by an equivalent expression, 

A V t = Jf f Aif + Ka Aco + AT p AP. (13) 

Multiplying both sides by Ai f *, the complex conjugate 
of Ai f , the expression modifies to, 

A V t Ai f * = K f Aif Aif* +AT 0 ) AcoAi f * + AT p APAz f *. (14) 

It can be shown that 10 K f is almost always positive in 
single machine power systems, Az f Ai f * is always positive 
and if negative damping is being produced in the regula¬ 
tor circuit, it must originate from the A^AcoAzV* + 
ATpAPAif* terms. Needless to point out again that viewed 
from the rotor (or the field circuit) 5 z f = Az f and AP and 
Aco are the actual measured changes in power and angu¬ 
lar frequency. 

It is now obvious that if an auxiliary signal of the 
form 
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Figure 1. Rotor mode eigenvalues with and without PSS at four 
operating conditions. 




Figure 2. System response with and without the proposed adaptive 
stabilizer in a 3-machine configuration. 


V pss = Ka Aco + A: p AP (15) 

with proper choice of Ka and K p is mixed with the AV t 
signal, the negative damping produced in the system can 
be exactly cancelled. 
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As the negative damping produced in the system 
which changes with the system and operating conditions 
has been quantified, exact expressions relating the gains 
Ka and K p to system and operating conditions to neutral¬ 
ize the negative damping can now be obtained. In case 
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of more complex power systems, where K { could be 
negative, expressions relating and K p to system and 
operating conditions can still be found to cancel the 
negative damping produced by the AVR 10 . The tuning of 
stabilizer is thus no longer based on trial and error and the 
stabilizer’s performance can therefore be maintained over 
an extended range of system and operating conditions. 

Performance analysis on computer simulated 
models 

Extensive computations have established that the PSS 
designed on the concept of cancelling negative damping 
not only improves the dynamic stability of the system 
significantly but the gains K& and K p adapt themselves 
to changing operating and system conditions, keeping 
the generator well within the stability boundary. 

Figure 1 shows the rotor mode eigenvalues of a sys¬ 
tem for three cases: (a) when no PSS is used, (b) when a 
conventional fixed gain PSS is used and (c) when the 
proposed self-tuning stabilizer is used at four different 
operating conditions. So far as the fixed gain stabilizer 
is concerned, it has to be tuned on site which calls for 
high level of expertise and even then the performance 
degrades as the system and operating conditions change. 
On the other hand, the adaptive gains need no 


pre-setting and are self-tuning for optimum perform¬ 
ance. This is evident from the eigenvalue plots which 
show better damping as compared to the fixed gain 
stabilizer at all operating conditions. 

Typical transient responses of three generators in a 
mutimachine system with and without the proposed 
stabilizer are shown in Figure 2. In this multimachine 
system, multiple frequencies of oscillations are present. 
Considerable improvement in system performance at all 
machines is clearly evident. The adaptive PSS is thus 
capable of damping out the multimodal oscillations. 

Laboratory experiments and field tests 

The performance of the proposed power system stabi¬ 
lizer has been evaluated on a scaled model of a power 
system in the laboratory. The system comprising a 
microalternator representing 500 MW generator, a steam 
turbine simulator and 1200 km of 400 kV microtrans¬ 
mission line is interfaced with a computer to generate 
the stabilizing signal by computing the gains K# and K p 
based on real time measurement. The adaptive stabilizer 
was quite effective in damping the low-frequency oscil¬ 
lations over a wide range of operating conditions. Some 
of the test results are shown in Figure 3. The system 
responses are highly oscillatory in all the three cases but 



tim.e (sec.) time (sec.) time (sec.) 


AP t " : without PSS AP t + : with PSS (0.25 pu/div) 

s=0.6-jO.3 (Xe=0.3) s=0.6+j0.1 (Xe=0.3) s=0.6+j0.1 (Xe=0.6) 

Figure 3. System response with and without the proposed adaptive stabilizer in a laboratory model of power system. 


CURRENT SCIENCE, VOL. 70, NO. 4, 25 FEBRUARY 1996 


289 



RESEARCH ARTICLES 





A?/^ : without PSS 
P=150 MW Q~50 MVAR 


: With PSS 

P=155 MW Q=50 MVAR 


(25 MW/div) 

P=160 MW Q=125 MVAR 


Figure 4. 


System response with and without the proposed adaptive stabilizer on the 210 


MW thermal unit at Mettur Power Plant. 


are very well damped when the proposed stabilizer is 
used. The system depicted in Figure 3 c which is very 
close to losing synchronism is stabilized within two cy¬ 
cles when the stabilizer is in use. 

Following the successful testing in the laboratory, a 
prototype model of the stabilizer was recently built for 
testing at actual power plants, one at Mettur, on a 
210 MW thermal unit and the other at Varahi, on a 
115 MW hydel unit. Despite the limited variations in the 
operating and system conditions, permissible in a major 
generating plant in operation, the superiority in per¬ 
formance of the adaptive stabilizer vis-a-vis the cur¬ 
rently installed fixed gain stabilizer could easily be 
established. The performance of the stabilizer at three 
operating conditions is shown in Figure 4. 

Conclusion 

Although the use of differential geometry for analysing 
an electrical machine has not found much favour with 
the engineers, it has presented a totally new approach to 
the design of a simple controller that can stabilize an 
oscillating power system. The use of covariant differen¬ 
tials has made it possible to exactly quantify the positive 
and negative damping contributions of the various 
windings of the generator. The negative damping con¬ 
tributed by the AVR can therefore be estimated and a 
stabilizer could be designed to cancel this negative 
damping. Further studies have shown that this stabilizer 
can also selectively damp out multimodal oscillations 
experienced by synchronous generators in large systems. 
This will enable generators which are prone to oscillations, 
to deliver power up to their rated capacity even when all’ 
other system conditions may vary over a wide range. 
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- ? anu man as se 

and Kron s axes. (The apparent and absolute changes). 


Appendix 

Figure 5 is a schematic representation of a synchronous 
machine. The rotor is represented as an electromagnet. 
In Park s frame of reference, the observer is tied to the 
synchronously rotating rotor and during rotor oscilla¬ 
tions, the observer oscillates along with the rotor. An 
observer on Kron s axes also rotates at synchronous 
speed but as the axes are decoupled from the rotor, the 
observer does not oscillate with the rotor. Let OP repre- 
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sent a synchronously rotating mmf vector corresponding 
to the stator currents. The components of this vector, at 
a particular instant are OB along the axis of the pole id- 
axis) and OA along the quadrature or the g-axis. During 
oscillation, let the vector OP still rotating synchro¬ 
nously, be increased by PP' and let the rotor occupy the 
dotted position displaced from the original position by 
an angle A 6. The component of OP' along the d -axis is 
now OB 2 and OA 2 along the q- axis. According to the 
observer, the change in vector OP is B]B 2 along its d- 
axis and AiA 2 along the g-axis and the total change is 
therefore, (B]B 2 2 + A]A 2 2 ) 1/2 , which is incorrect. If the 
observer did not move with the rotor (Kron’s axis) and 
rotated synchronously, he would have measured BB' and 
AA' as the respective changes and would estimate the 
total change as (BB /2 + AA' 2 ) 172 which is the actual 
change. It may be seen that neglecting the second order 
effects, 

* AA' = A 1 A 2 - PA*A<9, 
or di q = A/ q - z d *A@ 
and 6i d = A/ d - i q • A 6, 


or 

or di - A/ + piAO 
where p is the rotation tensor. 
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Probable influence of Tehri reservoir load on 
earthquakes of the Garhwal Himalaya 


R. Chander and Kalpna 

Department of Earth Sciences, University of Roorkee, Roorkee 247 667, India 


Our mathematical simulation suggests that the Tehri 
reservoir load may produce relatively small changes 
in the stabilities of nearby seismogenic faults and 
lead to comparable small advancements or post¬ 
ponements in the times of occurrence of earthquakes 
of the Garhwal Himalaya. 


The nature and extent of the environmental impact, of 
the proposed Tehri reservoir (Figure 1) is a matter of 
considerable concern. A major apprehension is that the 
reservoir may trigger earthquakes. We examine here the 
possibility of an adverse influence of the reservoir on 
local seismicity through numerical simulations. 

We may clarify at the outset that a man-made reser¬ 
voir may influence local seismicity through firstly, load- 
induced stresses and secondly, pore pressure effects. 
The present study is an examination of only the load 
effects of Tehri reservoir bepause virtually nothing is 
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known about the subsurface hydraulic regime in the re¬ 
gion of interest. A partial study of this type appears jus¬ 
tified because we should assess at least those effects of 
Tehri reservoir that we can with some degree of confi¬ 
dence with the resources at our command. Further com¬ 
ments which tend to mitigate partially the consequences 
of ignoring the pore pressure effects are given below. 

The basis for the simulation 

We assume that the problem may be examined through 
the following two-step procedure. Firstly, we may use 
the available seismological information to identify the 
hypocentral regions as well as the causative faults of 
future earthquakes around the Tehri reservoir region. It 
is implicit here that the hypocentres will lie in the 
causative faults. Secondly, we may assess the time (?) 
dependent influence of the reservoir load at a future hy- 
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Figure 1. Tehri dam site is located a short distance downstream of 
the junction of Bhilangana river with Bhagirathi river. The thick 
straight lines represent the simulated axes of the proposed Tehri 
reservoir in the Bhilangana and Bhagirathi branches. The array of 
point loads mentioned in the text would be located along these lines 
at 1 km interval. The map and geological information are compiled 
from Valdiya 22 . MCT and MBT stand for Main Central and Main 
Boundary Thrusts. 

pocentre by estimating whether the load induced normal 
(a\(t)) and shear (r r (0) stresses on the causative fault 
will enhance its stability or instability by opposing or 
promoting relative slip across it. 

Jdint influence of ambient and reservoir-induced 
stresses on a nearby fault 

Situation in the absence of a reservoir. Elastic stresses 
due to diverse causes will be acting at the hypocentre of 
a future earthquake even in the absence of the reservoir. 
We shall call these stresses collectivel-y as the ambient 
stresses. Let oft) and r a (t) be the cumulative, time 
varying, normal and shear components of ambient 
stresses on the identified fault at the hypocentre. If tan0 
is the coefficient of friction on the fault, then let a 
quantity S a (t), called fault stability 1,2 under ambient 
stresses, be defined through the relation 

S a (0 = ff a (0 tan<£ - xjf). (1) 

Here, a a (Y)tan0 represents the frictional stress mobilized 
on the fault under the ambient stresses and it opposes 
slip on the fault. r a (f), on the other hand, is the motive 
shear stress promoting slip on the fault. S z (t) is a meas¬ 
ure of the difference between the opposing frictional and 
motive shear stresses and it should be positive ordinar- 
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ily. In the absence of the reservoir a natural earthquake 
will occur at a time n when S^(t Un ) equals zero numeri¬ 
cally. It is acknowledged that it may be difficult to 
measure or estimate the ambient stresses. But the con¬ 
cepts hold so long as it is assumed that earthquakes oc¬ 
cur by frictional failure on faults. 

Situation after reservoir impoundment. Similarly, we 
may define Sft), fault stability under the influence of the 
reservoir load, through the relation 

S r (t) = cr r (Otan0 - r r (t)co$6(t). (2) 

Here, 9(t) is the angle between the directions of rft) and 
x T (t) measured in the plane of the fault at the hypocentre. 
The justification for introducing the factor 9{t) is pro¬ 
vided in the following paragraph. o r (t), r r (t) and S T (t) 
will vary due to changing water levels in the reservoir. 
A reservoir will be deemed to have a stabilizing or dest¬ 
abilizing influence on the fault at time t if S r (t) has a 
positive or negative value numerically. 

Stresses due to the reservoir load and ambient causes 
operate jointly after impoundment. The resultant fric¬ 
tional stress is (cr a (r) + cr r (O)tan0. The resultant shear 
stress promoting slip on the fault is the vector sum of 
rft) and x r (t). But we anticipate that the magnitude of 
r x (t) will be much smaller than that of xft). Thus the 
magnitude of the resultant shear stress, namely, 
(r a 2 (f) + x r 2 (t) + 2r a (f) r r (r)cos0(») 1/2 , may be written, 
correct to first order of small quantities, as 
x & (t) + x r (t)cos9(t). The direction of the resultant shear 
stress may be defined by the direction of r a to the same 
approximation. Therefore, we may define total fault 
stability S(t) approximately as 

S(t) = Sft) + S r (t ), (3) 

where the terms on the right are as defined in equations 
(1) and (2). Ordinarily S(t) should have a positive value, 
but, at the time t Hr of an earthquake after reservoir im¬ 
poundment, S(t ur ) will be numerically zero and 

^a(^Hr) = -Sr(tnr)- (4) 

Even though a^Hr) and r a (f Hr ) may not be known, the 
numerical value of S a (r Hr ) is known through simulations 
of S r (t Hr ) via this equation. 

In practice, in the absence of measurements, the di¬ 
rection of r a in the fault will be unknown also. But as¬ 
suming that this direction would be constant on the time 
scales of decades or centuries that are of interest here, 
we may estimate it from fault plane solutions of recent 
pre-impoundment earthquakes. 

The interplay ofS a (t) and S r (t) 

Let f H r and f Hn be the times of occurrence of the next 
earthquake at a given hypocentre in a given fault de- 
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pending upon whether a reservoir has or has not been 
impounded nearby. Then three cases may b.e identified 
and analysed depending upon whether S r (tu r ) is negative, 
positive or zero numerically. 

Case I. Let S r (f H r) be negative so that the reservoir load 
has a destabilizing influence on the causative fault at the 
hypocentre at time t Ur of the future earthquake. It fol¬ 
lows from eq. (4) that S a (r H r) has to be just small enough 
positive to equal -5 r (4ir) i* 1 magnitude at t h p In other 
words ambient stresses do not have to accumulate to the 
extent that Sft) diminishes to zero exactly for the earth¬ 
quake to occur. Therefore, tu r will be earlier than tu n and 
the time of occurrence of the earthquake will be changed 
under the destabilizing influence of the reservoir. 

Case II. Let S r (r H r ) be positive so that the reservoir load 
has a stabilizing influence on the causative fault at the 
hypocentre at the time t Hr . It now follows from eq. (4) 
that S a (f Hr ) will have to have a numerically negative 
value of -S r (? Hr ) at t Hr . In other words, ambient stresses 
will have to accumulate to the extent that Sft) has to 
diminish beyond zero and become negative for the earth¬ 
quake to occur. Therefore, t^ r will be later than and the 
time of occurrence of -the earthquake will be delayed or 
postponed under the stabilizing influence of the reservoir. 

Case III: Lastly, if S r (t Ur ) is zero then the hypocentre lies 
on the boundary between regions of stabilizing and 
destabilizing influences of the reservoir load on the 
causative fault. From eq. (4) Sftn r ) will be zero also in 
this case. Hence, ?Hr and fan will be identical and the 
earthquake will occur at the original time t H n even in the 1 
presence of the reservoir. 

Active faults and fault sets near Tehri reservoir 
identified for analysis 

We use the results of several seismological investiga¬ 
tions 3 " 9 over the past fifteen years to identify the follow¬ 
ing three seismically active faults and fault sets of the 
Garhwal Himalaya near the proposed Tehri reservoir. 

Intracrustal thrust fault responsible for the great 
Kangra earthquake of 1905 

A series of articles in the literature 3,5 " 8 suggest that the 
1905 Kangra earthquake (M = 8.5) occurred by an ex¬ 
tended rupture in a major intracrustal low angle thrust 
fault dipping gently under the northwest Himalaya. 
There was damage at Tehri during the Kangra earth¬ 
quake and it may be assumed that the earthquake rupture 
in the intracrustal thrust fault extended southeastward 
from Kangra up to the vicinity of Tehri (Figure 2). 
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Figure 2. A seismicity map of the area around Tehri. The dashed 
straight lines marked by 1905 define the inferred 7 south-eastern limit 
of the 1905 Kangra earthquake (M s = 8.5, ref. 16) in the intracrustal 
thrust fault. The region south-east of this limit is a seismic gap. 
Large open circles represent epicentres of moderate earthquakes 
since ca 1964 according to US Geological Survey. The star marks the 
epicentre of the 1991 Uttarkashi earthquake according to US Geo¬ 
logical Survey. The small open circles mark epicentres of some of 
the locatable small and micro-earthquakes which have occurred in 
the region between December, 1979 and June, 1990 (refs. 11, 12). 

There is speculation 3,5,9 that the next great earthquake of 
the Garhwal Himalaya may occur on the southeast ex¬ 
tension of the same intracrustal fault. For the purpose of 
simulation we locate this dip slip thrust fault at a depth 
of 12 km below the dam with a dip of 5° to the north¬ 
east 6 . We examine the influence of the Tehri reservoir 
load on this fault for dip slip thrust motion during a fu¬ 
ture great earthquake. The probable hypocentre of such 
an earthquake should be located in this fault at the depth 
of brittle-ductile transition 10 . Taking clue from the 
models 6,7 of the Kangra earthquake, this should happen 
geographically near the surface trace of the Main Cen¬ 
tral Thrust (Figure 2). 

Causative fault of the 1991 Uttarkashi earthquake 

There has been considerable speculation about the pos¬ 
sible impact of the 1991 Uttarkashi earthquake 
(M s = 7.0) on the Tehri dam (Figure 2). We examine 
here the converse question of the probable influence of 
the Tehri reservoir load on the occurrence of this earth¬ 
quake if it had been impounded shortly prior to 1991. 

The estimated epicentre of the Uttarkashi earthquake 
was at a longitude 78.8°E and latitude 30.85°N accord- 
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ing to the US Geological Survey. This point was about 
50 km to the northeast of the dam (Figure 2). The esti¬ 
mated focal depth was about 10 km. The preferred nodal 
plane of the fault plane solution determined by the US 
Geological Survey using first P motion data has a strike 
of N296 0 , dip of 5° due to N26° and rake of 90°. In 
words, these data imply dip-slip thrust motion on a 
thrust fault dipping at 5° due N26° and passing through 
the hypocentre. 

Imbricate faults near the Tehri reservoir 

Kumar 11 and Khattri et al. 12 have located a number of 
small (magnitude between 3 and 4) and micro- 
(magnitude less than 3) earthquakes near the Tehri res¬ 
ervoir (Figure 2). Their estimated focal depths are be¬ 
tween 0 and 16 km. The composite fault plane solution 
determined by Kumar 11 for these earthquakes reveals 
reverse dip slip motion on nodal planes striking NW- 
SE. The two nodal planes have dips of 60° to the NE 
and 30° to the SW respectively. The former nodal plane 
is preferred 13 as representative of the faults responsible 
for the small and micro-earthquakes of the region. The 
choice of this suite of faults is attractive also because it 
is consistent with the idea that these earthquakes occur 
due to uplift of the Higher Himalaya relative to Lesser 
Himalaya. These upper crustal reverse faults would be im¬ 
bricate to the intracrustal thrust fault which is the potential 
seat of the next great earthquake in the region 4 . We analyse 
the stability of the imbricate reverse faults also. 

Simulation of the Tehri reservoir load 

The reservoir will- be impounded in the long and narrow 
valleys of Bhagirathi and Bhilangana rivers. We simu¬ 
late the reservoir as two long triangular pyramids, each 
with a very short, vertical, triangular base at the dam 
and three long triangular faces converging at the apex 
upstream in the respective valley. One of the long trian¬ 
gular faces is horizontal in each case and it represents 
the water surface. The other two long, symmetrical, tri¬ 
angular faces represent stylised smooth contact surfaces 
between the water in the reservoir and the valley walls. 
A nominal slope of 20° is assigned to each of these two 
faces. The centre line of the Bhagirathi branch of the 
reservoir is approximated by a straight line segment and 
that of the Bhilangana branch by two straight line seg¬ 
ments (Figure 1). Thus the Bhilangana branch of the 
model reservoir actually becomes a lower frustum and 
an upper short pyramid. The maximum depth of water in 
the reservoir is taken as 260 m, the publicly known 
height of the dam. 

The final simplification in simulating the reservoir 
load is that we consider 1 km wide vertical slices of 




Figure 3. a , Contours of normal stress o K (in kPa) induced on the 
intracrustal thrust fault by the proposed Tehri reservoir; b , Shear 
stress r r induced on the intracrustal thrust fault. The tail of an arrow 
indicates the point where the stress acts. Direction of an arrow is the 
direction of likely slip induced by r r on rocks above the fault. The 
scale of magnitude of t r is indicated at the bottom. The large arrow 
indicates the inferred direction of ambient shear stress (r a ) on the 
fault for likely slip of rocks above the fault. 

these prone pyramids of water. The weight of water in 
each slice is regarded as a point load on a flat elastic 
earth. Needless to say, the loads decrease linearly away 
from the dam in each reservoir branch. This array of 
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point loads visualized along the straight lines of Figure 
1 simulates for us the proposed Tehri reservoir. 

Computation of elastic stresses due to the 
simulated reservoir load 

Boussinesq’s formulas 14 for elastic stresses induced by a 
vertical point load are the basis for our stress simula¬ 
tions. Assuming a cartesian coordinate system with axes 
pointing north, east and vertically down, stresses cr N , cr E , 
a z , r NZ , r EZ and r NE due to a single point load on the 
surface of an elastic half space may be computed for an 
interior point of the medium using these formulas. Here 
a and r stand for normal and shear stresses respectively. 
Superposition of stresses due to the assumed array of 
point loads leads to stress components cr Nr , <x Er , <7 Zr , T NZr , 
r EZr , and r NEr , due to the proposed Tehri reservoir. 

Finally, at a given point on a given fault plane, re¬ 
solved normal and shear stresses o x and T r due to the 
reservoir can be computed from <7Nr> ofcn 0zr> t ezi-> 
r NEr using the formulas 14 for transformation of the second 
rank stress tensor from one coordinate system to another. 

Stability of the intracrustal thrust fault under 
the Tehri reservoir load 

Figure 3 a is a contoured display of a r induced by the 
proposed Tehri reservoir load on the dipping plane rep¬ 
resenting the intracrustal thrust fault. On the other hand, 
Figure 3 b shows r T through directed arrows at an array 
of points on the same fault. The direction of an arrow is 
also the direction of the tendency to slip in shear of the 
rocks above the fault at the point corresponding to the 
tail of the arrow under the influence of the reservoir. 
Finally, Figure 4 displays contours of resultant S r for the 
intracrustal thrust fault at an instant when the reservoir 
is full to the brim. The computations are on the assump¬ 
tion that the rocks have a Poisson’s ratio of 0.25 and the 
friction coefficient tan^> has a value of 0.65. Two main 
facts are noteworthy here. Firstly, the zero value contour 
of S r encloses a broad area of positive values northeast¬ 
ward of a NW-SE line passing near the dam. This then 
is the region of reservoir-induced stabilization on the 
intracrustal thrust fault. Secondly, the maximum positive 
value of about 30 kPa only for S r is attained close to the 
Tehri reservoir. Otherwise the stability mobilized is of 
the order of a few (less than 5) kPa or less over large 
areas. This holds particularly for negative values of S T . 

Seismic hazard implication 

Since the stability of the intracrustal thrust fault is the 
most important from the standpoint of great earthquakes, 
we take it up for discussion first. 
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Figure 4. Map showing contours of stability S r likely to be induced 
by the Tehri reservoir on the intracrustal thrust fault in the absence 
of any pore pressure. The contour values are in kPa. The absence of 
contours south-west of the zero value contour indicates that reser¬ 
voir-induced instability is less than 5 kPa at all' the investigated 
points on the intracrustal thrust fault in this region. The geographic 
positions of reservoir axes and MCT and MBT are from Figure 1. 
The next great earthquake of the region may nucleate on the in¬ 
tracrustal thrust fault at depth near the geographic position of the 
MCT. The Tehri reservoir would exert a stabilizing influence on the 
intracrustal thrust fault in the probable nucleation zone of the great 
earthquake. 

But a clarification is required. A great Himalayan 
earthquake may rupture an area of the order of 
300 x 100 km 2 in the intracrustal thrust fault. The 
length of the ruptured zone should be parallel to the lo¬ 
cal strike of the fault, while widthwise the zone should 
extend updip from the geographic vicinity of the Main 
Central Thrust (MCT) (Figure 1). However, the earth¬ 
quake would originate at a single point, the hypocentre, 
located within the ruptured segment of the intracrustal 
thrust fault. The Tehri reservoir load may influence the 
occurrence of only those future great earthquakes of the 
Himalaya whose epicentres may lie within Garhwal 
segment. 

As mentioned above, a reasonable view 3 5,13 regarding 
great earthquakes of the Himalaya is that they should 
nucleate in the intracrustal thrust fault beneath the sur¬ 
face trace of the MCT. It is seen from Figure 4 that this 
probable source region of a great earthquake originating 
in the Garhwal Himalaya would lie in the zone of stabi¬ 
lization due'to reservoir-induced elastic stresses. 

Thus we conclude, as explained under case II above, 
that the influence of Tehri reservoir load will be to delay 
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r foo nTf V° FlgUre 4 bUt for the causative thrust fault 

of the 1991 Uttarkash. earthquake whose epicentral location is 
shown by the star. We infer that if the Tehri reservoir had been im¬ 
pounded a short time prior to the Uttarkashi earthquake then it would 
have exerted a stabilizing influence at the hypocentre located in the 
causative fault (see text). 


or postpone the next such great earthquake of the re¬ 
gion. See § on Discussion for further comments. 


Moderate earthquakes on the intracrustal thrust 
fault 

According to Ni and Barazangi 15 some moderate earth- 
qua es may also occur on the above intracrustal thrust 
fault with epicentres near the surface trace of the MCT. 
The occurrence of these earthquakes also would be 
postponed duly under the stabilizing influence of the 
Tehri reservoir load. 


Stability of the causative fault of the Uttarkashi 
earthquake 

We omit the display of stresses a r and r r in view of their 
general similarity to those shown in Figure 3 Figure 5 is 
a display of fault stability S r due to elastic stresses under 
the influence of the Tehri reservoir load. The hypocen- 
tral region falls in the stabilizing zone. Thus the im¬ 
poundment of the reservoir prior to 1991 would have 
delayed the Uttarkashi earthquake but not prevented it 
altogether. See § on Discussion also. 
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Figure 6 a, b. Contour maps for stability of imbricate reverse faults 
responsible for many small and micro-earthquakes of the region. 
Whereas Figures 4 and 5 were for two specific faults, the Figures 6 a 
an are for depths of 6 and 13 km within the ground (see text). We 
ignore the mountainous topography of the region in defining these 
depths. The destabilizing zones at both depths lie north-east of the 
zero value contours in these cases. 


Stability of imbricate faults 

Figures 6 a and b show contours of S r along horizontal 
planes at two different depths of 6 and 13 km. These 
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figures differ from Figures 4 and 5, which pertain to 
stability of individual faults. Rather Figures 6 a and b 
show stability of similarly oriented faults at the same 
depth in the ground at different geographical locations. 
The zone of destabilization of the imbricate faults starts 
some kilometres north-east of the reservoir. The distance is 
comparatively greater for greater depths in the crust. The 
topography of the region is ignored for these remarks. 

We conclude from case I above that the impoundment 
of Tehri reservoir will hasten or advance the occurrence 
of some small and micro-earthquakes associated with 
these imbricate faults lying in the destabilization zone of 
the reservoir. But in the immediate vicinity of the reser¬ 
voir even small and micro-earthquakes will be delayed 
because the associated imbricate faults lie in the zone of 
stabilization and case II above is applicable. 

Discussion 

Choice of faults for analysis 

We have not considered the stability of geologically 
mapped faults of the region around Tehri reservoir for 
two reasons. Firstly, surface measurements of dips and 
strikes of these faults provide no clues about their dis¬ 
positions at depths. Linear extrapolation to estimated 
seismogenic depths of up to 15 to 20 km in the Hima¬ 
laya are unwarranted. Secondly, there are no specific 
geological measurements to determine current move¬ 
ments on these faults. The current here means a time 
scale of decades, or centuries at the most. 

On the other hand, use of geophysically, mostly seis- 
mologically, modelled faults for stability analysis has 
the disadvantage that there is no visible proof of the 
existence of these faults. But once we adopt the current 
seismological view 16 that tectonic earthquakes occur due 
to slips on buried faults then this objection loses valid¬ 
ity. Of course the precise locations and attitudes of these 
faults have to be inferred from seismological observa¬ 
tions. The estimate will have uncertainties due to errors 
of observation and limitations of data interpretation. 
But, in our opinion, these constraints are not as severe 
as those of geological extrapolation. At the same time 
the geological and seismological models should be 
complementary as far as possible. The faults identified 
on geophysical grounds for stability analysis here are 
not in any obvious contradiction with geological opinion 
as far as we are aware. 

Extent of simplification and its impact on the 
utility of the simulation 

The extent of simplification made for the simulation of 
the Tehri reservoir load has been already indicated. Still 
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we believe that the conclusion about the domains of 
stabilization and destabilization of different faults and 
fault sets will not change significantly enough in an im¬ 
proved simulation of the Tehri reservoir load. Some 
differences in magnitudes of stabilization S T at different 
points may arise. But it is our considered opinion that 
they too will not be important enough to matter. These 
remarks hold strictly for S T due to the simulated elastic 
stresses. 

A different set of simplifying assumptions are related 
to the fact that Boussinesq theory is for a homogeneous 
earth while the crust in the vicinity of the Tehri reser¬ 
voir is quite heterogeneous. The simplicity of the Bous¬ 
sinesq theory is such a great advantage that errors due to 
heterogeneity of the medium have to be tolerated espe¬ 
cially in a first analysis of this type. The expectation 
remains that, barring the possibility of local stress con¬ 
centrations in a heterogeneous medium, a good average 
approximation of reservoir-induced stresses may be ob¬ 
tained with the formulas used. 

Finally, the value of the coefficient of friction adopted 
here is conservative and favours higher estimates of 
stability. Lowering the value of this coefficient would 
increase the area of the region of destabilization. 

Effect of reservoir operation 

The above calculations are for a maximum reservoir 
depth of 260 m. But it is acknowledged that the reser¬ 
voir level will not be uniform throughout the year and 
from year to year due to meteorological and other 
causes. Our calculations above, in conjunction with oth¬ 
ers not shown here, indicate that the size of the zones of 
stabilization and destabilization on identified faults may 
fluctuate to some extent with fluctuating reservoir lev¬ 
els. But major areas of a given fault will continue to be 
in the same respective zones at all reservoir levels, even 
though the magnitude of S r will increase or decrease 
with rising or falling levels. The influence of the reser¬ 
voir level on the occurrence of nearby earthquakes will 
be as follows. The chances of occurrence of earthquakes 
in zones of reservoir-induced stabilization on the causa¬ 
tive faults will be greater at lower reservoir levels. On 
the other hand, chances of occurrence of earthquakes in 
zones of destabilization will be greater at higher reser¬ 
voir levels. 

Impact of ignoring pore pressure 

As noted earlier, simulation of pore pressure has not 
been undertaken here because little is known about the 
subsurface hydraulic regime and hydraulic properties in 
the region of interest. 

The effect on the results due to neglect of pore pres¬ 
sure could be significant in principle. Still, it can be 
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predicted even without any calculations that the effect 
will be to reduce stability and increase instability of all 
the seismogenic faults around Tehri reservoir. This is 
because pore pressure tends to reduce the frictional 
stresses opposing slip on the faults. 

We may add that we would find it hard to conceive a 
direct hydraulic connection between the Tehri reservoir 
and any significant part of the intracrustal thrust fault. 
But the possibility mentioned by Simpson and Narasim- 
han 17 is more potent, easier to accept and more difficult 
to assess quantitatively. This is the concept of fluid mi¬ 
gration over short distances into and along the fault zone 
as a result of compression of pore spaces under the res¬ 
ervoir-induced elastic stresses. In this connection, 
Chander and Gahalaut 4 have argued that substantial 
ambient pore pressure is required for nucleation in the 
hypocentral regions of great and moderate earthquakes 
on the intracrustal thrust fault under the Himalaya. 
Similar remarks apply for the causative fault of the 1991 
Uttarkashi earthquake and the imbricate faults which are 
the seats of small and micro-earthquakes at ,some dis¬ 
tance from the Tehri reservoir. 

Delays or advances in times of earthquakes should 
be small 

Our statements above in this regard are more conceptual 
than quantitative. This is because we disregard pore 
pressure in our simplified analysis. Also we are ignorant 
about rates of accumulation of earthquake-generating 
stresses in the Garhwal Himalaya. But our guess is that 
these rates are significantly high. Moreover, the reser¬ 
voir-induced stress changes are small in magnitude gen¬ 
erally. The changes in pore pressure should be 
comparable to normal stresses. Thus, changes in the 
times of occurrence of earthquakes due to the influence 
of the Tehri reservoir should be small in general. 

The influence of pore pressure should be asymmetric 
in that the extent of reservoir-induced advancement of 
earthquakes will be enhanced but the extent of delay 
in their occurrence will be curtailed with increase in 
pore pressure assuming a uniform rate of stress accumu¬ 
lation. 

Comparison of our conclusions with those of 
earlier investigators 

Gupta and Rajendran 18 inferred systematic stabilization 
of thru$t faults in the Himalaya. They were using the 
arguments of Snow 19 who carried out the analysis for an 
infinite reservoir which affects all parts of the same 
thrust fault uniformly. Our 3D analyses show clearly 
that the same intracrustal thrust fault is stabilized 
downdip of Tehri reservoir but destabilized updip from 


it. The relative position of the hypocentre in the thrust 
fault and the reservoir on the ground is a critical factor. 

Chander and Sarkar 20 attached importance to the fact 
that the stabilization of a thrust fault would be reduced 
by the process of draining of a reservoir. But, as pointed 
out above, the remaining water in the reservoir may still 
exert a stabilizing influence on most of that section of a 
fault which was stabilized at higher water levels also. It 
is our opinion that the view of the present article is not 
entirely contradictory to Chander and Sarkar 5 s 20 view. 
But at the same time, whereas an earthquake on the in¬ 
tracrustal thrust fault north-east of the reservoir during a 
low water stand would be reservoir-induced according 
to Chander and Sarkar 20 , it would still be a reservoir 
delayed natural earthquake in terms of the present 
analysis. 

Implications of the analysis on the Tehri dam 
controversy 

We venture to put down here our own views of how the 
above analysis bears on the Tehri dam controversy. The 
simulations indicate that the chances of earthquakes be¬ 
ing triggered by Tehri reservoir are less than has been 
suggested by some in the literature 20,21 . The assessment 
of seismic hazard to the dam and reservoir may be low¬ 
ered accordingly. 

On the other hand, reservoir-induced stability of seis¬ 
mogenic low angle thrust faults northeast of a NW-SE 
line passing near the dam should not be a great consola¬ 
tion to those who support its construction. This is be¬ 
cause the inexorable accumulation of ambient stresses 
due to plate tectonic causes will wipe out the reservoir 
load-induced stabilization with time. Natural earth¬ 
quakes will occur again on these faults when S(t ) of eq. 
(3) tends to zero. The only consolation to these people 
would be if the accumulation of these stresses is at a 
relatively slow rate because then the postponement of 
natural earthquakes may be for a longer period than the 
useful life of the dam and reservoir. This consideration 
is beyond the scope of the present simulation. Still our 
guess is that the rates of stress accumulation in the 
Himalaya are not that slow. Also the reservoir-induced 
stresses are of small magnitudes and their stabilizing 
effect may be overcome through plate tectonic processes 
rapidly. 

Conclusions 

Our simulations for the elastic stresses due to the pro¬ 
posed Tehri reservoir load are grossly simplified. But it 
appears that the reservoir should have a stabilizing in¬ 
fluence on those parts of the intracrustal thrust fault 
where the next great earthquake of the- Garhwal Hima- 
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laya may nucleate on it. Had the Tehri reservoir been 
impounded shortly before 1991, it would have exerted a 
stabilizing influence on the causative fault of the Uttar- 
kashi earthquake. The reservoir should have a destabi¬ 
lizing influence on some nearby shallow reverse faults 
on which small and micro-earthquakes have been ob¬ 
served in the past fifteen years. 

The Tehri reservoir load should lead to postponement 
of the next great earthquake of the region by an un¬ 
specified time. It is our conjecture that the reservoir 
load would have delayed the Uttarkashi earthquake'also 
by an undetermined time. But the times of some nearby 
small and micro-earthquakes of the future may be ad¬ 
vanced to some extent. Quantification of postponements 
and advancements of earthquakes has been eschewed 
because it is not feasible at this time. But we have ar¬ 
gued above that these changes in times of occurrence of 
earthquakes near the Tehri reservoir would be small. 

Thus it is our sense from the simulation that the im¬ 
pact of Tehri reservoir on nearby future earthquakes 
may be small on the whole. Accordingly, the adverse 
influence of the reservoir in this regard may not be as 
severe as anticipated and estimates of seismic hazards to 
the Tehri project may be lowered to that extent. But the 
estimates of seismic hazards to the Tehri dam and reser¬ 
voir due to the natural earthquakes of plate tectonic 
origin in the Garhwal Himalaya may not be lowered on 
the basis of this analysis. 
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Magnetic properties and remanent 
magnetization of four stony 
meteorites 

Y. V, Ramana and G. V. S. Poornachandra Rao 

National Geophysical Research Institute, Hyderabad 500 007, India 

Magnetic properties of four stony meteorites, 
namely, Allende, Dhajala and St. Severin (chon¬ 
drites) and Norton County (achondrite) were stud¬ 
ied. The intensity of NRM, susceptibility and the 
Koenigsberger ratio of these meteorites are moderate 
and in the range of igneous rocks. Saturation rema¬ 
nent hysteresis experiments of these meteorites re¬ 
veal high remanent coercive forces, giving them very 
high retentive capability. A study of susceptibility 
variation with temperature (in low temperature re¬ 
gion) and the Lowrie-Fuller Test reveals that the 
magnetic material in these rocks is in a very fine 
grained form giving high stability to these meteor¬ 
ites. The laboratory demagnetization experiments 
(AF and thermal) indicate high mdf and blocking 
temperatures suggest their suitability to palaeofield 
intensity determinations. These magnetic properties 
which are similar to those of other stony meteorites 
suggest that the magnetic mineral in these meteorites 
is probably tetrataenite along with other minerals 
such as troilite, kamacite, magnetite, etc., with high 
coercive force and carry a magnetic remanence ac¬ 
quired in an extraterrestrial field. 

MAGNETIC properties of meteorites provide information 
about the magnetic environment wherein they were 
magnetized. Studies were carried out on meteorites for 
estimating the palaeofield intensities and stability of 
remanent magnetism 1-6 . Since studies on magnetic prop¬ 
erties are limited, in this investigation we have subjected 
four stony meteorite samples, namely Allende, Dhajala 
and St. Severin (chondrites) and Norton County 
(achondrite) available to us to several laboratory tests to 
derive as much information as possible. Being very rare, 
very small sized (millimeter) samples only were avail¬ 
able for these studies. The experiments included study 
of natural remanent magnetic intensity, susceptibility, 
Koenigsberger ratio, variation of susceptibility with 
temperature up to liquid nitrogen temperature, saturation 
remanent hysteresis, stability of natural remanent mag¬ 
netism to AF and thermal demagnetization. These were 
attempted with the objective of arriving at an under¬ 
standing about the remanence carrier in these meteorites 
and also the nature of remanence carried by these mete¬ 
orites. In fact, some of the studies that are usually car¬ 
ried out on terrestrial rocks have been extended to 
meteorites with a view to compare and correlate. 

Astatic and spinner (Schonstedt) magnetometers were 
used for measuring remanent magnetic directions and 
intensities. A Schonstedt thermal demagnetizer and a 
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two-axis tumbling arrangement similar to that described 
by Creer 7 were made use of in thermal and AF demag¬ 
netization studies, respectively. The hysteresis parame¬ 
ters were measured by magnetizing the sample to 
saturation using DC magnetic fields and then reducing 
the resulting saturation magnetization to zero, using 
successively increasing fields in opposite directions 8 . 
The susceptibility was measured on a susceptibility and 
low-field hysteresis apparatus 9 and its variation with 
temperature (in the low temperature region) was studied 
by immersing the sample in liquid nitrogen. 

Samples of different sizes and shapes from four mete¬ 
orites, vi?. Allende, Dhajala, St. Severin and Norton 
County were available to us for laboratory investiga¬ 
tions. Stability of remanent magnetism was studied with 
reference to arbitrary reference marks drawn on the 
samples. The small size of the Norton County sample 
restricted the measurements that could be made on it. 

Observed values of natural remanent intensity (Jn), 
susceptibility (K), and Koenigsberger ratio (Qri) com¬ 
puted (ratio of natural remanent intensity to induced 
intensity in a field of 0.05 milli Tesla) for the meteorite 
samples are listed in Table 1. The Jn and K values vary 
between 0.41 to 1.04 A/m and 1.06 to 30.78 x 10 -3 SI 
units respectively. The Qn -ratios computed are between 
0.07 and 1.37. The NRM intensities observed are similar 
to those reported earlier 1-3 for Allende and Orgueil, 
whereas for Dhajala, an iron-rich meteorite 10 from 
Gujarat India, it is one order higher. The observed sus¬ 
ceptibility values of these four meteorites are more or 
less identical, with Dhajala registering a value of an or¬ 
der more than the rest. Therefore, the Jn and K values of 
these meteorites appear to be moderate and comparable 
with those of igneous rocks of terrestrial origin contain¬ 
ing magnetite and other minerals. The Qn values suggest 
no dominance of spurious viscous components of mag¬ 
netization in these meteorites. 

Coercivity of remanence is considered an important 
rock magnetic property of a magnetic material. It is re¬ 
lated to the retentive capacity of remanence in rocks. It 


Table 1. Magnetic properties of some stony meteorites 


Meteorite 

Allende 

Dhajala St. Severin Norton County 

Classification C Chondr. 

H Chondr. LL Chondr. 

Achondrite 

Sample no. 

2TF 

T-l I 

7-T 

N-23-5 

Jn (A/m) 

0.73 

1.04 

0.87 

0.41 

Kx 10~ 3 SI units 

1.06 

30.78 

3.92 

4.72 

Qn-vsLtio 

1.37 

0.07 

0.44 

0.17 

Hs (mT) 

200 

750 ' 

750 

- 

Her (mT) 

55 

65 

125 

- 

Jrs x 10~ 3 (A/m) 

0.06 

0.67 

1.07 

- 

7b (°C) 

675 

650 

675 

- 

Domain nature 

CD 

Maghaemitic 

CD 

CD 


Jn = Natural remanent magnetic intensity; K = Magnetic susceptibil¬ 
ity; Qn = Koenigsberger ratio; Hs ~ Saturating field; Hcr- 
Remanent coercive force; Jrs - Saturation remanent magnetization; 
7 b = Blocking temperature. 
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Figure 1. Saturation remanent hysteresis curves for the meteorites Ailende, Dhajala and St. Severin. Mag¬ 
netizing field is in Tesla and intensity of acquired magnetization is normalized. 


depends on the composition as well as the size of the 
magnetic grains in rocks. We have studied the remanent 
hysteresis properties of Ailende, Dhajala and St. Severin 
meteorites by magnetizing them in increasing DC mag¬ 
netic fields up to 1 Tesla, till the samples are saturated 
and thereafter by reducing the resulting saturation mag¬ 
netization to zero and saturating the sample in the op¬ 
posite direction. The entire procedure is once again 
repeated by reversing the sample and saturating it to 
obtain a complete hysteresis curve. Remanent hysteresis 
curves obtained for the meteorite samples are shown in 
Figure 1. The hysteresis parameters are listed in Table 
1. These curves indicate remanent coercive forces of 
125-55 mT requiring saturating fields 750-200 mT, 
with saturation remanent magnetizations of 1066.5- 
58.6 A/m. It can be noted that Ailende sample saturated 
in a very low saturating field of 200 mT with a remanent 
coercive force of 55 mT and with a low saturation rema¬ 
nent magnetization of 58.6 A/m. St. Severin showed the 
highest coercivity with high saturation remanent mag¬ 
netization. Dhajala, the Indian mateorite sample, is 
comparable with Ailende in remanent coercivity and 
with St. Severin in saturation remanent magnetization 
intensity and saturating field. It can further be stated that 
the hysteresis parameters of meteorites are comparable 
with those of terrestrial rocks but are slightly higher. 
Petrographic study of Ailende and St. Severin meteor¬ 
ites reveal tetrataenite, an iron-nickel alloy as the mag¬ 
netic mineral in these meteorites 2,3,5,6 . In Dhajala, the 
petrological studies 10 also reveal the presence of troilite, 
kamacite, taenite, chromite, etc. and are responsible for 
the observed magnetic properties in it. 

Granulometric techniques were used to quickly ascer¬ 
tain the nature of magnetic grains as well as their do¬ 
main states in rocks 11,12 . One of them is the study of 
variation of susceptibility with temperature. On the basis 
of extensive studies on basalts, they have proposed typi¬ 
cal K-T curves for inferring different domain states (SP, 
SD, MD, CD, etc.) in them. When a magnetic material 
(magnetite) is cooled to liquid nitrogen temperature, it 
undergoes a phase transition at its isotropic point of 
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Figure 2. Susceptibility variation with temperature, as the samples 
are cooled in liquid nitrogen. Note the increase in'its value at -196° 
for Ailende, Norton County and St. Severin and a slight decrease for 
Dhajala. 


-150°C and shows a susceptibility peak at this tempera¬ 
ture. 

In our present study, we observed K-T curves on the 
meteorite samples on the low temperature region by 
cooling them in liquid nitrogen. The observed K-T 
curves are shown in Figure 2. The curves for Ailende, 
Norton County and St. Severin show an increase in rela¬ 
tive susceptibility (1.25) at -196°C, whereas the Dhajala 
sample showed a slight decrease in relative susceptibil¬ 
ity (0.94) at -196°C compared with their values at room 
temperature without any peak at —150°C. Therefore, it 
can be inferred from these studies that the magnetic 
grains in Dhajala are similar in form to those of 
maghaemite, while in the rest of them they are in the CD 
state 13 which are therefore inferred to be in fine-grained 
state in these meteorites. 

Stability of remanent magnetism of the meteorite 
samples has been tested by both alternating field and 
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Figure 3. AF demagnetization characteristics of Allende, Dhajala and St. Severin meteorites, a, Vector mi¬ 
gration and b, Intensity decay diagrams in progressively increasing peak fields. Open (closed) circles represent 
upward (downward) inclinations. 


thermal demagnetization methods by drawing arbitrary 
reference marks. Samples from Allende, Dhajala and 
St. Severin only could be studied and that from Norton 
County, being too small, could not be studied. In both 
the studies the samples were subjected to increasing 
peak fields and temperatures in steps up to 100 mT and 
700°C in about 11 and 14 steps respectively. Remanent 
magnetism was measured after each demagnetization 
treatment. The samples showed extreme stability of re¬ 
manent magnetism during both AF and thermal demag¬ 
netization studies. Typical laboratory demagnetization 
characteristics are given in Figure 3 (AF) and Figure 4 
(thermal). 

During AF demagnetization, the vector shows extreme 
stability (Figure 3 a) until the highest peak field that is 
applied with high mdf (median destructive field) values 
in excess of 40 mT (Figure 3 b). During thermal demag¬ 
netization, the vectors changed sign of inclination (very 
shallow to shallow) at higher temperatures (Figure 4 a ) 
for different samples at different stages (viz. Allende: 
625°C; Dhajala: 500°C and St. Severin: 550°C) and they 
have high blocking temperatures of 650 to 675°C 
(Figure 4 b). After crossing the blocking temperature, 
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the vectors fluctuate wildly as the intensity dropped to 
very low levels (Figure 4 b). 

We have induced laboratory magnetizations also to 
these samples and subjected them to AF demagnetiza¬ 
tion in similar steps as the NRM up to 100 mT (Lowrie- 
Fuller Test). Then the NRM, TRM and S IRM demagneti¬ 
zation curves are compared in Figure 5 to infer the do¬ 
main state of the magnetic carrier in these meteorites. 
These studies indicate mixed behaviour of SD (single 
domain) and MD (multi domain) grain states of mag¬ 
netic carrier in these meteorite samples 14 . Existence of 
such high and low coercivity remanence carriers is quite 
common in meteorites containing alloys of iron and 
nickel 15 . 

The stability of remanent magnetism of Allende mete¬ 
orite was tested 1 3 and it was found to be most suitable 
for palaeofield intensity determination. We feel that 
similar studies can also be carried out on our meteorite 
samples i.e. St. Severin, Dhajala and Norton County 
also, in view of the stable nature of remanence in them 
but a suitable quantity of these samples is not available 
to us to carry out the palaeofield intensity determination 
studies. 
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Figure 4. Thermal demagnetization characteristics of Allende, 
Dhajala and St. Severin meteorites, a, Vector migration and ^ In¬ 
tensity decay diagrams in progressively increasing temperatures. 
Open (closed) circles represent upward (downward) inclinations. 

The magnetic properties of these stony meteorites are 
quite comparable with those of the other stony meteor¬ 
ites and reflect proportion of ferromagnetic mineral 
content in them. Remanent coercive force values of 
these meteorites are higher than those of the terrestrial 
rocks containing magnetite and therefore, the magnetic 
mineral in these meteorites must be an alloy of NiFe, 
which is most common in meteorites. Studies on mete¬ 
orites 2,3 ’ 5,6,16 indicate tetrataenite, an alloy of iron-nickel 
responsible for the stable remanence with high coerciv- 
ity in them. Tetrataenite is a recently identified ordered 
iron-nickel alloy possessing high remanent coercive 
force 17 . The properties of this alloy are not fully understood 
and it cannot be easily synthesized in a form suitable for 
magnetic studies. In meteorites it is most probably formed 
during very slow cooling of iron and nickel of appro¬ 
priate composition after metamorphic heating in the 
meteorite parent body. The magnetic grains in these 




Figure 5. AF demagnetization of NRM, TRM and Sirm magnetiza¬ 
tions of Allende, St. Severin and Dhajala meteorites in progressively 
increasing peak fields. 

meteorites are in critical SD and MD states. Therefore, 
these magnetic properties under study are similar to 
those of the other stony meteorites and point out that the 
magnetic carrier in these meteorites could also be 
tetrataenite, that attributes high stability of natural re¬ 
manent magnetism of these meteorites to laboratory de¬ 
magnetization. This stability of the remanent vector to 
laboratory demagnetization indicates their suitability to 
palaeofield intensity studies similar to the Allende me¬ 
teorite reported earlier. The high stability of remanent 
magnetic vector to the laboratory AF and thermal de¬ 
magnetization also point out that the remanence in these 
meteorites was acquired in extraterrestrial fields ’ ’ . 
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Low-moderate seismicity in the 
vicinity of Palghat Gap, south India 
and its implications 
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Akkulam, Trivandrum 695 031, India 

Low-moderate seismicity has been detected within 
the Palghat Gap, a large physiographic feature in 
south India. An M L 4.3 earthquake that occurred on 
2 December 1994 near Wadakkancheri in Trichur 
district, Kerala was also located within the confines 
of this feature. A few small tremors have previously 
been reported from the source region of the 1994 
earthquake as well. Historic records show the occur¬ 
rence of two earthquakes near Coimbatore, on the 
northern extremity of the gap. Continued low level 
seismic activity, originating from this area is re¬ 
corded by the stations of the Gauribidanur Seismic 
Array (GBA). Thus, regional seismicity points to the 
presence of active structures and enhanced stress 
concentration within the Palghat Gap. On the basis 
of these observations, we suggest a reevaluation of 
this regional feature in terms of its potential to gen¬ 
erate larger earthquakes in the future. 

Monitoring earthquakes in regions characterized as 
‘stable’, is gaining more importance with the growing 
realization that undetected seismogenic faults may be 
responding to current crustal deformation processes. 
Earthquake reports from various intraplate regions indi¬ 
cate their association with faults of varying reactivation 
periods, sustaining the overall rate of both small and 
large earthquakes. Because these faults may have never 
been reactivated during the recorded history, an earth¬ 
quake may occur as a total surprise. Peninsular India has 
been the site of several moderate earthquakes, some of 
them highly damaging (1967 Koyna and 1993 Killari 
events, for example). However, very little is known 
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about their mechanisms and causative structures. Be¬ 
cause of the sparse distribution of seismic stations in 
peninsular India, quite often the information on back¬ 
ground seismic activity is inadequate, and the nature of 
precursory activity, seldom understood. Understanding 
patterns of earthquakes and their characteristics may 
help to constrain the nature of regional seismicity and 
identify potential seismic source zones. In this paper, we 
argue for the need to update the seismic hazard associ¬ 
ated with the Palghat Gap on the basis of the historic 
seismicity and the characteristics of the recent seismicity; 
(Figure 1). 

The Palghat Gap is the most conspicuous physiog¬ 
raphic feature in southern India (Figure 2). The east- 
west orientation of the geomorphic features, including 
that of the Bharathapuzha river, is in general agreement 
with the trend of this feature. Considered as a possible 
shear zone, this feature passes through Palghat in Ker¬ 
ala, and is marked by high rising hills to its north and 
south 1-3 . Rao and Srinivasan 1 detected several shear and 
fracture zones and minor faults around Palghat, between 
Coimbatore and Anaimalai hill ranges. More specifi¬ 
cally, they suggested that the shear zones occur on the 
southern and northern margins which show variations in 
width, about 4 km in the northern and 2-6 km- in the 
southern sides. Based on the structural map prepared for 
the area, a deep-rooted rupture in the E-W direction was 
proposed. In another study, Kesavamani and Bose 4 in¬ 
ferred three major directions of fracture zones, NW-SE, 
NE-SW and E-W, based on regional magnetic and re¬ 
sistivity surveys. The E-W-trending fracture zones 
along the margins, according- to them, correspond to 
tensile fractures, while the NW-SE and NE-SW- 
trending fractures may be shear fractures. The magnetic 
lows identified in the area generally conform to the river 
and stream courses. These studies, in short, project a 
picture marked by high level of tectonic disturbance. 

The rocks and the mineral assemblage in the gap area 
indicate upper amphibolite-granulite facies metamor¬ 
phism (300-450°C), which may have undergone cycles 
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Fianre 1 Isoseismal map of the 2 December 1994 earthquake. Location obtained from isoseismal is shown by asterisk. 
Opln ci!de °SesToc P adon by IMD. Inset: «, map of Kerala, showing the study area; 6, locations of temporary sta¬ 
tions by IMD (filled squares) and aftershock locations (open circles). 
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of deformation, metasomatism, remobilization and , 
remelting 5,6 . K-Ar dating of pegmatites from some lo¬ 
calities in the central part of the gap indicates ages 
between 484 and 512 m.y. (ref. 7). Quasi-plastic defor¬ 
mation with mylonitic structures with absence of cata- 
clasis has also been identified in some localities 5 . These 
observations suggest that the area comprising the gap 
probably represents lower crustal equivalents of brittle 
fault zone in the upper crust, brought to the present level 
by the processes related to repeated uplift and erosion, 
as observed in other shield areas 8 . The reactivation of 
this structure during the Cretaceous-Tertiary is indi¬ 
cated by the development of NW-SE dike systems and 
fractures 9 cutting the older generation folds. Raised old 
river terraces and pebble beds have also been reported 
from the Palghat Gap 10 . 

Occurrence of three earthquakes in the Coimbatore 
region (Table 1) is an indication of the seismogenic po¬ 
tential of the structures in the Palghat Gap. The 1900 
Coimbatore earthquake (M > 5.5) is the largest historic 
event that occurred in the southern part of peninsular 
India 11 . Occurrence of two smaller earthquakes, one in 
1865 and another in 1972, in the same region indicates- 
higher stresses in this region. These earthquakes oc¬ 
curred in a zone of low gravity 12 . In addition to these, 
several microtremors have also been reported elsewhere 
in the Palghat Gap, including the area around Mangalam 


dam and Sarkarpathi in the southern part of the gap 1 . 
Further, the seismic data recorded at GBA show occur¬ 
rence of several small earthquakes in the area (Table 1). 
Within the margins of possible error, these microearth¬ 
quakes are located within the Palghat Gap (Figure 2). 
The recent activity near Wadakkancheri (Figure 2) be¬ 
comes significant because of its proximity to the same 
regional structure (Table 1). The earthquake that oc¬ 
curred here on 2 December 1994 was the latest event of 
the continuing seismicity in this region. 

The 2 December earthquake ( M L 4.3) was felt in an 
area of about 1000 km 2 in Trichur and neighbouring 
districts (Figure 1). This is the second earthquake of 
magnitude >4.0 experienced in the Kerala State during 
the last ten years. The epicentre is located about 8 km 
north of Wadakkancheri town (Figure 1 and Table 2). 
Based on the felt reports, a maximum intensity of V on 
MM scale was assigned to the event. Field investiga¬ 
tions indicated ground cracks and damages to a number 
of houses and minor displacement of objects in the epi- 
central area (Table 1). Most of the measurable disloca¬ 
tions occurred in the ENE to EW direction (see 
Rajendran and Rajendran 13,14 , for details). DueTo inade¬ 
quate instrumental data, a focal mechanism solution 
could not be obtained. Based on the field observations, 
we infer that the faulting might have occurred on an 
east-west trending fault. The earthquake was followed 


Table 1. Seismic events reported from the Palghat Gap area 


Year 

Location Magnitude/Intensity 

Comments 

24 June 1865 

Near Coimbatore 

IV 

Source: Chandra 17 

28 February 1900 

Near Coimbatore 

VII 

Severe shock; roaring noise; 
serious damages to many houses; 
displacement of objects; no 
casualties reported; severely felt 
in Coimbatore and 

Coonoor. Source: Basu 11 

29 July 1972 

Near Coimbatore 

VI 

Source: Chandra 17 

1981-1993 

Central part of the 
gap. South of 11°N Lat. 
West of 77°E Long. 

1-2 

>40 microtremors have been 
detected during a period of 12 
years. Source: GBA records. 

15 March 1989 

Near Wadakkancheri 
10.64°N, 76.26°E 

3.0 

Rumbling sound and ground shaking. 

No visible damages; major axis of the 
felt region trends in E-W direction. 

Source: Singh and Raghavan 18 . 

25-26 February 1993 

Near Wadakkancheri 

3.6 

Located 8 km SE of the 15 March tremor. 


10.64°N, 76.20°E 


Loud sound, rattling of window glass 
and ground shaking. Another similar 
tremor reported from Chavakad on the 
Trichur coast on 25 February. Source: 

Singh and Santosh 19 . 

2 December 1994 

Near Wadakkancheri 
10.75°N 76.2l°E 

4.3 

Located close to Desamangalam. A 
minor tremor reported in this area, near 
Varavur on 8 June 1994. Ground cracks, 
displacement of objects and moderate 
damages to many houses in the epicentral 
area. Maximum measurable displacement 
was less than 5 mm. 


Note: Microtremors have also been reported from the area around Mangalaip dam. 


306 


CURRENT SCIENCE, VOL. 70, NO. 4, 25 FEBRUARY 1996 



RESEARCH COMMUNICATIONS 


Table 2. Epicentral parameters of the 2 December 1994 Wadakkancheri earthquake 


Date 

Origin time 
hr:min:sec (1ST) 

Lat°N 

Long°E 

Magnitude 

Data 

02-12-94 

16:06:34:00 

10.82 

76.22 

- 

KSEB 

02-12-94 

16:06:57:00 

10.75 

76.25 

3.8 

IMD 

02-12-94 

16:05:00:00 

10.75 

76.21 

4.3* 

Field studies 


Note: NGRI (National Geophysical Research Institute) assigned a magnitude of 4.0; Location from 
KSEB (Kerala State Electricity Board) is based on the data recorded at Idukki and Idamalayar Sta¬ 
tions. Programme used: HYPO 71, no. of stations: 7 and-quality of location: D (poorest); IMD (India 
Meteorological Department) location is closer to the epicentre obtained from the isoseismals; magni¬ 
tude derived from maximum intensity. 


by a large number of aftershocks. Over 100 small trem¬ 
ors were reported by the local residents until 15 Febru¬ 
ary 1995. In the absence of a close network, locations 
could be obtained only for 13 aftershocks (Figure 1, 
inset), based on data from IMD stations that became 
operational two weeks after the main event 16 . The larg¬ 
est of these tremors (M L 2.5) occurred on 1 January. 
Even after 15 February, occasional tremors were felt by 
the local residents. 

Structurally, the 2 December earthquake appears to be 
associated with a rectangular turn of the Bharathapuzha 
river (Figure 1). The general E-W trend of the river 
takes a WNW swing beyond this point, before the E-W 
course is resumed further west. The regions west and 
south west of this bend occur at higher elevations. The 
regional lithology being the same (charnockite suite of 
rocks) on either side of the river, we infer that the 
abrupt change in the direction might have resulted from 
tectonic movements. This kind of structural and geo- 
morphological barriers in several regions are known for 
their potential to localize stresses, and develop as pos¬ 
sible seismic source zones 15 . Many of them may remain 
unnoticed until an earthquake occurs in their vicinity. 
The source zone of 2 December earthquake may have 
also developed so, through slow stress accumulation. 
Maximum effect of the tremor was observed in the 
Desamangalam-Thalasseri area, to the west of this bend 
(Figure 1). The area around Mayyanur in the east 
(Figure 1) was noted for the highly icKali^d nature of 
damages. A house at this location, built in bnc^ a^d 
clay, totally collapsed during the earthquake whereas 
there was very little damage in the regions between this 
site and the immediate epicentral area. This region may 
be the termination point of the current rupture on the 
eastern side. Reports of NW-trending dikes mapped near 
Ottapalam, near Mayyannur 5 lend support to the possi¬ 
ble existence of structural discontinuities/segments in 
this region. 

The reactivation intervals of various segments in the 
Palghat Gap region may be of the order of hundreds of 
thousands of years, as common in stable regions. In the 
absence of data on spatial and temporal pattern ol 
sesimic events, it is difficult to forecast whether these 
earthquakes are temporally isolated or they form part of 
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an ongoing seismogenic process. The existing seismic 
zonation map of peninsular India may not reflect the 
actual seismic threat, especially when major earthquakes 
in the region seem to be generated on unknown faults 
with undetected seismic record. A realistic seismic haz¬ 
ard assessment should be based on the long-term pattern 
of earthquake occurrences in a region. This emphasizes 
the need to monitor even smaller earthquakes, like the 
one reported in this study, more closely and systemati¬ 
cally. Isolating seismogenic structures and reviewing 
their potential have to be identified as an important 
component of seismic hazard assessment in stable re¬ 
gions. Considering the above characteristics of seis¬ 
mogenic processes in these regions, the studies have to 
be done for prescribed time windows. These efforts can 
result in more realistic time-dependent seismic hazard 
maps. 
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Phosphorite concretions in a sediment 
core from a bathymetric high off Goa, 
western continental margin of India 

Ch. M. Rao and B. Ramalingeswara Rao 

Geological Oceanography Division, National Institute of Oceanogra¬ 
phy, Dona Paula, Goa 403 004, India 

A sediment core collected from a bathymetric high 
off Goa on the western continental margin of India, 
has yielded phosphorite concretions with an average 
P 2 O s content of 32.75%, the P 2 0 5 concentrations 
being highest ever reported from the margins of 
India. These concretions vary in size from < 1 to 
5 cm, are subrounded, oval to irregular in shape, 
dark grey to yellowish grey in colour and consist of 
carbonate fluorapatite (CFA) as the single mineral 
phase. The concretions are present in the sediments 
at various levels below 110 cm from the core top and 
appear to be older than at least 250,000 yrs. Our 
study indicates that the phosphate released into the 
interstitial water due to decomposition of organic 
matter and dissolution of fish debris is precipitated 
as microgranular phosphorites which are consoli¬ 
dated and progressively become concretions with 
time. 

Phosphorites are generally found in diverse geo¬ 
graphic and physiographic settings in marine environ¬ 
ment. Modern phosphorites are reported from the 
continental margins of Namibia and Peru-Chile, in as¬ 
sociation with diatomaceous ooze and organic matter- 
rich sediments where coastal upwelling is strong 1 " 5 . On 
the other hand, phosphatic nodules of Quaternary and 
Neogene ages occur in organic-poor sediments on the 
shelf off eastern Australia, an area known for its weak 
upwelling 6 " 8 . Several workers have reported the occur¬ 
rence of marine phosphorites in the Indian Ocean 9,10 . On 
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the western continental shelf of India, phosphatized al¬ 
gal limestones of Holocene age have been reported 11 " 13 . 
The average P 2 0 5 content of these phosphorites is less 
than 10% (ref. 13). In this paper we report the occur¬ 
rence of phosphorite concretions, with an average P 2 0 5 
content of 32.75%, in a 5.85 m long core collected in 
the water depth of 320 m from the summit of a bathy¬ 
metric high, off Goa, western continental margin of 
India. 

The core consists of light olive grey to olive grey col¬ 
oured siltyclays and clay-bearing calcareous oozes, 
along with organic-rich biogenic carbonate sediments 
and fish debris, mostly hemipelagic in nature. Other 
sedimentary facies conspicuous in the core are phos¬ 
phatic concretions. Phosphorite concretions are distrib¬ 
uted at various levels in the core below 110 cm (Figure 
1). They are dark grey, yellowish grey and light yellow 
and subrounded, oval or irregular in shape with a size 
range of < 1 to 5 cm. Their surfaces are rough with 
small depressions and cracks (Figure 2). The larger con¬ 
cretions were hand-picked during subsampling onboard, 
while smaller ones were separated through wet sieving 
(230 pm mesh). The concretions were washed with dis¬ 
tilled water, dried at < 50°C till all the moisture was 
removed, powdered in an agate mortar and analysed for 
mineralogical (X-ray diffraction) and chemical compo¬ 
sition [Inductively coupled plasma atomic emission 
spectrometry (ICP-AES)]. Major oxide geochemistry 
was determined by electron probe micro analyser 
(EPMA). Polished sections and freshly broken parts of 
several concretions were studied using scanning electron 
microscope (SEM) for microstructures and minerals 
present in it. Thin sections of representative samples 
were studied under petrological microscope. 

The only mineral phase identified in the X-ray dif¬ 
fraction analysis of these concretions (Figure 3) is pure 
carbonate fluorapatite (CFA). Other minerals such as 
quartz, feldspars, glauconite, pyrite, dolomite and clay 
minerals, generally associated with phosphorites 3,14 are 
not found in these samples. SEM studies reveal that the 
voids between CFA crystallites are not filled with any 
detrital and/or diagenetic minerals (Figure 4). Petrologi¬ 
cal study of thin sections also confirms that the concre¬ 
tions consist of only CFA phase, devoid of any other 
minerals. P 2 0 5 content in the concretions range between 
30.90 and 33.91% with an average value of 32.75% and 
CaO content from 52.82 to 55.15% with an average 
value of 54.15%. The Ca0/P 2 0 5 ratio varies between 
1.56 and 1.78 with an average of 1.65. EPMA analysis 
reveals that the .composition is similar both at inter- 
concretional and intra-concretional levels. The P 2 O s 
content in these concretions is much higher than the re¬ 
ported value (highest average value for the outer lay¬ 
ers =9.5%) for phosphatized algal nodules of western 
shelf of India 13 . Comparisons of offshore phosphorites 
from various locations (Table 1) indicate that the 
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Figure 1. Location of the core and 

concretions from Numibian shelf have similar P 2 0 5 
content (av = 32.10%). However, A1 2 0 3 (0.03-4.5 wt%) 
and Si0 2 (0.4-13.52%) in the Namibian concretions are 
much higher than in those of the present study (A1 2 0 3 : 
<0.1 wt% and Si0 2 : <0.02 wt%). Namibian phosphorites 
have CFA with admixtures of quartz, mica, feldspars 
and calcite 5 , whereas the concretions in this study com¬ 
prise of only CFA (Figure 3). 

Marine phosphorites are reported to form mainly due 
to three processes: (1) Replacement of pre-existing cal¬ 
careous material; (2) Authigenic/diagentic precipitation 
and (3) Microbial mediation. The phosphorites of west¬ 
ern shelf of south Africa are suggested to have formed 
by the replacement of limestones and other calcareous 
skeletons 15 . Marine phosphorites form in the regions of 
intense upwelling that leads to high biological produc¬ 
tivity and supply of organic matter to the underlying 
sediments is higher resulting in an anoxic environment . 
Decomposition of organic matter in the sediments re¬ 
lease phosphate into the interstitial waters which pre¬ 
cipitate as CFA 17 . However phosphorites are also found 
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down core lithological variations. 

on the shelves of eastern Australia and western south 
Africa, where bottom sediments are not rich in organic 
content 6 ’ 1 s , implying that phosphogenesis can occur in 
diverse oceanographic settings. O’Brien et al. sug¬ 
gested that the phosphogenesis off eastern Australia may 
be bacterially mediated. The role of benthic microbial 
mats in the formation of phosphatic nodules, crusts and 
mudstone phosphorites of various geological periods has 
been reported 19 . 

The concretions of the present study do not exhibit 
any replacement rims or precursor structures such as 
calcareous shells and lithified carbonates. Further, the 
X-ray diffractograms and SEM observations show nei¬ 
ther calcite nor free carbonate minerals, ruling out the 
possibility of formation related to the replacement proc¬ 
ess. Therefore, these concretions differ in P 2 0 5 content, 
mineralogy and origin from those of the shelf region. 

On the western continental shelf of India, phosphati- 
zation of algal nodules was reported to be bacterially 
mediated as the phosphate grains consist of fungal fila¬ 
ments 13 . The SEM and petrological studies of various 
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Figure 2. Photographs of concretions recovered from the sediments of the core MH-1. 




Figure 3. X-ray diffractogram of a phosphorite concretion showing only characteristic CFA reflections. 


sections of several concretions in the present study, have 
not revealed the presence of any bacterial or/and fungal 
filaments and structures such as globular clusters either 
in microcavities or as attachments in the concretions. 


Therefore, it is unlikely that these concretions are 
formed due to microbial mediation. 

The origin of the phosphorite concretions is suggested 
to be a result of the diagenetic precipitation of phos- 
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Figure 4, SEM photograph of freshly broken surface of a concre¬ 
tion. 


Table 1. Comparison of average P 2 O 5 content of offshore phos¬ 
phorite nodules from various locations with the present study. 

Figures in parentheses indicate the number of analyses_ 


Location 

Peru-Chile 3 
Namibia 22 
Eastern Australia 7 
Agulhas Bank 15 

Western shelf of India 13 

Western continental margin of India 

Present study __ 

♦Iron poor, *" Iron rich. 


Average P 2 O 5 wt% content 

22.61 (15) 

32.10 (4) 

9.64 (80) 

14.82 (3)* 

10.26 (3) + 

<9.50 
32.75 (6) 


phorus within the sediments. The western continental 
margin of India experiences intense upwelling during 
the SW monsoon, leading to high biological productivity 
in the surface waters, which result in the enhanced sup¬ 
ply of organic matter to the seafloor. Fur ’^r. an intense 
oxygen-minimum zone intersects the slope Ol -n- v^t- 
ern continental margin of India between 250 and 1500 m 
(ref 20) The core was collected from a water depth o 
320 m (within the OMZ) below the upwelling region and 
the sediments are organic-rich (organic carbon: 0.8 to 
2 8 wt%). The sediments deposited on the slope turn 
anoxic as the rate of consumption of dissolved oxygen 
in interstitial waters by degradation of organic matter is 
higher than its replenishment. The presence of pynte >n 
the core and high uranium content in the sediments (10 
ppm) suggest that the environment in the sediments is 
sJhoxic to anoxic. Under such oxygen-depleted condi¬ 
tions, bacterial degradation of organic matter release 
phosphate, into interstitial waters. Further, mterstitial 
water phosphate may also have been deuve 
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dissolution of fish debris. The phosphate thus enriched 
in the interstitial waters is precipitated as microgranular 
CFA. These microgranular phosphorites were probably 
consolidated later and progressively became concretions 
with time. Therefore, the origin of these concretions 
could be due to the authigenic precipitation from diage- 
netic fluids. 

The concretions are present from 110 cm to the bot¬ 
tom of the core. Their absence in the upper 1 ni of the 
core suggests that these concretions are not modern and 
phosphogenesis occurred in the past. Flat-topped topo¬ 
graphic highs in the midslope region experience ero¬ 
sion/winnowing due to internal wave generation -1 
resulting in low sedimentation rates. The sediment 
samples from different intervals were measured lor C 
to obtain sedimentation rate. The activity of !4 C could 
not be detected, implying that these sediments are older 
than at least 35 ky. To ascertain the age of the concre¬ 
tions, U/Th disequilibrium method was attempted. The 
ages invariably are in excess of the dating limit ol the 
method (> 250,000 yrs) as the 230 Th/ 234 U activity ratio is 
0.95 ±0.03. Further, the 234 U/ 238 U activity ratio 
(0.96 ± 0.02) is near secular equilibrium, indicating that 
their concretions are older than 0.8 m.y. (early Pleisto¬ 
cene). 
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Effect of tetraethylammonium ions 
and 4-aminopyridine on osmotic 
stability of Saccharomyces cerevisiae 
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Arvinderjit Singh and Balwant Singh 

Department of Molecular Biology and Biochemistry, Guru Nanak 
Dev University, Amritsar 143 005, India 

Tetraethylammonium bromide (TEA) and 4- 
aminopyridine (4-AP) are lethal to Saccharomyces 
cerevisiae. However, the growth of yeast cells is re¬ 
stored on addition of osmotic stabilizers, i.e. 0.2 M 
KC1, 0.2 M NaCl or 0.4 M mannitol, to the plates 
containing inhibitory concentration of TEA and 4- 
AP. 4-AP induces osmotic stability defects instead of 
blocking K + channels in S , cerevisiae as reported in 
animal cells. As a result, this drug causes cell lysis 
whereas TEA seems to cause lethality by bringing 
about some other changes in the plasma membrane 
of the yeast cells. 

All organisms require K + ions. In plants and fungi, in¬ 
tracellular K + ions serve a variety of vital functions, in¬ 
cluding the control of cell shape and turgor pressure 1 . In 
yeast, one of the important functions of K + is suggested 
to neutralize the negative charge of cellular anions 2 . 
Like all other organisms, Saccharomyces cerevisiae ac¬ 
cumulates K + ions from the external medium to fulfil the 
cellular requirements. The concentration of K + inside 
the cells may be 10-20 times higher than in the sur¬ 
rounding medium. The transport of K + ions in the cell 
takes place through various transporters/channels. Vari¬ 
ous pharmacological drugs including tetraethylammo¬ 
nium bromide (TEA) and 4-aminopyridine (4-AP) have 
been reported to block K + channels in animal cells 3,4 . 
The present study is an attempt to investigate the effects 
of TEA and 4-AP on K + uptake and viability of S. cere¬ 
visiae. 


Yeast cells were grown on yeast extract, peptone, 
dextrose (YPD) medium and synthetic complete medium 
agar plates having different concentrations of TEA and 
4-AP. The growth of yeast cells was completely inhib¬ 
ited at 800 mM concentration of TEA and 15 mM con¬ 
centration of 4-AP on YPD medium agar plates. 
However, on synthetic complete medium agar plates, the 
lethal concentration of TEA and 4-AP was 150 and 
2 mM, respectively (Table 1). High inhibitory concen¬ 
tration of TEA and 4-AP in YPD medium as compared 
to synthetic complete medium suggests the presence of 
high concentration of ions and other molecules 
(nutrients) in the YPD medium which may be diluting 
the effect of these drugs. TEA and 4-AP are known to 
block K + transporters in animal cells 3,4 . The inhibition 
of growth of S. cerevisiae in the presence of TEA and 4- 
AP might also be because of blocking of K + transporters 
in yeast cells. 

Further, the growth of S. cerevisiae on synthetic 
complete medium agar plates, containing inhibitory 


Table 1. Effect of TEA and 4-AP on viability of S. cerevisiae on 
YPD medium and synthetic complete medium agar plates 


Medium used 

Drug 

Concentration of drug 
(mM) 

Viability 
(%) ' 

YPD 

TEA 

100 

100 ± 1.16 

medium 


200 

100 ± 2.64 



400 

68 ± 6.51 



600 

64 ± 5.86 



800 

0 


4-AP 

2.5 

100 ± 3.51 



5 

100 ± 2.52 



10 

75 ± 6.03 



15 

0 

Synthetic 

TEA 

50 

100 ± 6.43 

complete 


100 

100 ± 4.04 

medium 


150 

0 



200 

0 


4-AP 

0.25 

100 ± 4.72 



0.50 

100 ± 5.01 



1 

50 ± 3.05 



2 

0 


Results are mean ± SD of three independent experiments. 


Table 2. Effect of KC1, NaCl and mannitol on the growth of S. cerevisiae 
on synthetic complete medium agar plates containing TEA and 4-AP 

Per cent viability 

Concentration --- 


Drug 

of drug 
(mM) 

KC1 
(0.2 M) 

NaCl 
(0.2 M) 

Mannitol 
(0.4 M) 

TEA 

100 

100* 

100* 

100 + 2.52* 


150 

100 

100 

100 ± 2.08 


200 

0 

0 

0 

4-AP 

1 

100 

100 

100 ± 4.58 


2 

100 

100 

100 ± 2.00 


Results are mean ± SD of three independent experiments. 
*Early appearance of colonies. 
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Tabic 3. Effect of 4-AP on K + uptake in S. cerevisiae 


Concentration 
of 4-AP 
(mM) 

Time 

(min) 

Intracellular 

K + content 
(pmole/mg dry dw) 

0 

0 

0.504 ± 0.201 

0 

30 

0.656 ± 0.280 

0 

60 

0.679 ± 0.199 

10 

30 

0.665 ± 0.150 

10 

60 

0.623 ± 0.188 


Results are mean ± SD of three independent experiments. Method: 
ref. 8. 


Table 4. Effect of, TEA and 4-AP on membrane integrity of 
S . cerevisiae 




Extinction at 280 nm 



Time 

Normal 

4-AP 


TEA 

(hours) 

saline 

(2 mM) 


10,2 Ml 

1 

0.166 ± 0.012 

0.542 ± 0.060 

0.122 

± 0,003 

2 

0.306 ± 0.019 

1.012 ± 0.042 

0.172 

± 0.002 


Results are mean ± SD of three independent experiments. Method: 
ref. 9. 


concentration of TEA and 4-AP, was restored on sup¬ 
plementing the plates with 0.2 M KC1 (Table 2). The 
presence of 0.2 M KC1 in the medium might be helping 
to overcome the lethal effect of these drugs. Further¬ 
more, intracellular K + content of the untreated (control) 
as well as 4-AP treated yeast cells was of the same order 
(Table 3). These results suggest that 4-AP might not be 
inhibiting K + uptake by blocking K + transporters, but it 
may be causing lethality in S. cerevisiae by acting at 
some other level. The restoration of growth on supple¬ 
mentation of KC1 (0.2 M) to the synthetic complete 
medium agar plates suggested another possibility that 
4-AP and TEA may be causing some osmotic stability 
defect and the presence of 0.2 M KC1 has osmotic stabi¬ 
lizing effect. The growth of S. cerevisiae was also re¬ 
stored when the plates containing inhibitory 
concentration of TEA and 4-AP were supplemented with 
NaCl (0.2 M) or mannitol (0.4 M). Hence, the lethality 
conferred by TEA and 4-AP to S. cerevisiae cells may 
be attributed to the osmotic stability defect caused by 


these drugs. 

Mutants with the osmotic stability defect have been 
reported in S . cerevisiae 5 . These mutants showed normal 
growth on the medium containing osmotic stabilizer, i.e. 
10% sorbitol or mannitol and 1.6% NaCl, but lysed on 
transfer to hypotonic solution. These mutants had de¬ 
fects in both cell wall and cell membrane 6,7 . So, it is 
possible that TEA and 4-AP may be causing cell lysis in 
S. cerevisiae by inducing some alterations either in cell 
wall or cell membrane. 

4-aminopyridine caused lysis of S. cerevisiae cells 
(Table 4). It may be possible that 4-AP interacts with 
some protein involved in the maintenance of cell integ¬ 
rity, thereby inducing some osmotic stability defect. In 
the presence of osmotic stabilizer (Table 2), this defect 
might be restored. It may be noted that in the presence 
of normal saline (control), some material absorbing at 
280 nm radiations is released. During normal growt , 
yeast cells release a number of metabolites in the me¬ 
dium. Some of these might be absorbing at 280 nm and 


it may not be the result of cell lysis. 

On the other hand, TEA-treated yeast cells did not 
show any lysis (Table 4), indicating that it may be 
causing lethality by resulting in some other defects m 
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the plasma membrane. TEA having both polar as well as 
non-polar groups might have replaced amphipathic 
membrane lipids, thereby affecting the functioning of 
membrane proteins, which led to the lethality of yeast 
cells. The restoration of growth of S. cerevisiae cells on 
addition of KC1, NaCl or mannitol in the synthetic 
complete medium agar plates containing TEA can be 
explained by considering that the presence of osmotic 
stabilizer somehow inhibited the incorporation of the 
drug in the membrane, but this proposal needs further 
investigation. 
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Comparative studies on the radula 
teeth of two species of Conus from the 
Indian coast 


Y. D. Ramu, T. Nallathambi* and 
M. K. Mathew 

National Centre for Biological Sciences. Tata Institute of Funda ^ 
tal Research, IISc Campus, P. O. Box 1234, Bangalore 560 01.. 

♦Department of Water Resources, Ocean Data Centre, Anna Urn- 
versity, Madras 600 025, India 

The scanning electron microscope (SEM) has been 
used to determine the surface morphology of the 
radula teeth of the two species of marine gastropod 
of the genus Conus. The teeth are adapted to the cap- 
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ture of prey and show modelling of the pointed apex 
and surrounding barbs. There is considerable varia¬ 
tion in the radular morphology of the two species as 
differences in their prey predict different hunting 
strategies. The shafts of the teeth are formed from a 
rolled sheet of apparently chitinous material and are 
thickened and expanded at the base to form a butt 
and basal spur. 

The genus Conus comprises a large family of predatory 
marine gastropods that have caused injury and occa¬ 
sionally death to humans 1 . Adhering to the general 
trend, teeth of toxoglossa radula show a reduction in the 
number of teeth and their specialization for venom in¬ 
jection. The teeth must be adapted to perform three 
functions 2 : (i) it must pierce the body; (ii) firmly lodge 
itself and (iii) inject venom into the prey. The general 


features of the radular tooth have been known for many 
years and were used for establishing correlation of tooth 
structure with prey type as an indicator of diet 3-5 , or for 
taxonomic and phyiogenic affinities 4 . 

The genus Conus is divided into three groups on the 
basis of feeding habits. Vermivorous cones typically 
prey on polychaets while molluscivorous and piscivo¬ 
rous species paralyse and engulf other molluscs and 
small fish respectively 6 , and the venoms secreted by the 
three groups are appropriate to their specific prey 5,7,8 . 
The morphological features of the radular tooth have 
been used 9 to classify the genus Conus and also, to re¬ 
late tooth type to the prey hunted 3 . All the previous 
work reveals that although the individual radula could 
be differentiated, there is a clear demarcation between 
the three predatory modes. 



Figure X. Scanning electron micrographs of C. monile single radular teeth. Magnifications as shown in the pictograph. b, barb; 
bo, basal opening; ef, external fold; ba, base; 1, ligament; st, shaft; t, tip; dt, denticles. 
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The present study attempts to elucidate by SEM, the 
radula structure of C. amadis Gmelin, a molluscivorous 
snail and C. monile Hwass, a vermivorous snail 9 , and 
also to confirm the differences between the molluscivo¬ 
rous and vermivorous feeding types. 

Specimens of C. amadis and C. monile were collected 
from the coast of Parangipettai (Lat. 11°29'N; Long. 
79 0 46'E), South India. The venom apparatus was dis¬ 
sected out of the animals and the radula teeth were re¬ 
moved from the proximal arm of the radula sheath. The 
teeth were rinsed in 0.9% saline solution and then 
soaked overnight in distilled water. They were then de¬ 
hydrated in increasing concentrations of ethanol, left for 
one hour in absolute ethanol, and air-dried overnight in 
a desiccator containing silica gel to prevent rehydration. 
Minute entomological pins mounted on wooden sticks 


wi-th epoxy glue provided an effective tool for manipu¬ 
lating the radular teeth under the microscope. With this 
aid individual air-dried teeth were oriented and pressed 
down firmly on the double sided adhesive tape which 
was previously mounted on a specimen stub. The coat¬ 
ing was earthed to the specimen stub with Dag 915 
(colloidal silver) solution. The mounted specimen were 
coated with a thin layer of 40/60' gold/palladium in a 
Hitachi Hus-4 vacuum evaporator, by direct evaporation 
of the alloy at 20 volts. The thickness of the metal 
coating was calculated to be 20 nm. The preparations 
were examined on a Hitachi (5-2-20) SEM at an accel¬ 
erated potential of 20 kV and the magnifications as 
shown in the scans. The length of the tooth was meas¬ 
ured on a vernier microscope, and the length was taken 
as a straight line between the tip and the base of tooth. 
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Details of the structures of the radula of both the spe¬ 
cies are shown in Figures 1 and 2 respectively. The teeth 
of C. monile (Figure 1 a) averaged 1-1.2 mm in length 
compared to the teeth of C. amadis which has a length 
of 1.5 mm (Figure 2 a). The teeth of both the species 
consist of chitinous material rolled into a tube, which is 
sharpened to a point at the apex and has adapical barbs 
(b) (Figures la and 2a). Both the species observed 
show 2 barbs and 2 cutting edges with the base (ba) of 
the tooth of both the species starting at the basal open¬ 
ing (bo). The basal opening with an elevated base (eb) 
and external fold (ef) is broader in C. amadis when 
compared to C. monile. A construction (c) just before^ 
the expansion of the tooth base is seen (Figure 2 b ), and 
shows the basal opening open into the lumen and at¬ 
tachment ligament (1) which was also observed for C. 
monile. The teeth of C. amadis has a basal spur (s) at its 
base which is lacking in the teeth of C. monile. 

The middle portion of the teeth of both the species 
shows considerable variations (Figures 1 c and 2 c). The 
shafts (st) of C. monile teeth are tubular (Figure 1 c) 
whereas those of C. amadis are constricted and uneven, 
with a thick swelling before joining with the tip of the 
radula (Figure 2 c). Moreover, the C. amadis radula 
clearly lack denticles (dt) which are seen on the C. 
monile teeth. The tips (t) of the teeth of both the species 
are elaborated (Figures Id and 2d). Simple modifica¬ 
tions of the apex and the prominent denticles are ade¬ 
quate for C. monile tooth to penetrate and hold on to the 
body of the worm. Conduction of the venom from the 
venom gland to the victim is via the basal opening, the 
lumen and through to the adapical opening. 

The structure of the radula by SEM confirms C. 
amadis to be molluscivorous and C. monile as vermivo- 
rous and is in agreement with previous reports 9 based on 
feeding behaviour. The radular teeth are highly modi¬ 
fied, consistisng of a sheet of chitin rolled into a tube"’ 
and not arranged in rows, but attached to a common ba¬ 
sal membrane. They are secreted individually in two 
files with each individual tooth having its own ligament. 
They are stored in the short arm of the radular apparatus 
and are always kept in readiness for use. The ligaments 
which are remnants of the basal membrane function to 
move the teeth into the short arm. 

Members of the worm feeding cones feed on poly- 
chaete worms that have a soft body wall and dwell in 
tubes or burrows. These cones possess an additional 
requirement, the denticles and basal spur in their teeth to 
pull the worm out of its habitat. Also the spur and the 
denticles serve to retain the tooth in the proboscis and 
also probably serves to provide a better grip for the pro¬ 
boscis when it attempts to pull out the worm 9 . 

Radular morphology of Conus shows considerable 
interspecific variation with respect to the number of 
barbs, cutting edges and length of the teeth. Mollusc¬ 
hunting cones (to which C. amadis belongs) have 2 
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barbs and 2 cutting edges with the presence of denticles 
along the shaft. C. textile a mollusc-hunting cone, is 
unique in this group in that it does not possess any den¬ 
ticles on the shaft and, now, C. amadis is another which 
has a non-denticular shaft. The spur at the middle of the 
shaft in C. amadis ensures that the tooth is not pushed 
back into the proboscis when it attacks the prey. The 
presence of spur and decrease in barb number show that 
the prey of C. amadis are slow responding organisms 
like their own kind and also the absence of a basal spur 
suggests that it does not retain the teeth after attacking, 
unlike C. monile which retains it. The radula teeth of 
worm-hunting cones like C. imperialis and C. pulicarius 
are typified by the presence of a long cutting edge. 

From the above studies it can be concluded that C. 
amadis is molluscivorous and C. monile vermivorous. 
Based on this and the previous studies the teeth of 
Conus can be classified into three main predatory 
groups based on their structure 2 . Although the three 
feeding groups can be distinctly differentiated, there are 
differences within each feeding group. 


1. Cleland, J. B. and Southcott, R. V., Commonwealth of Australia, 
1965,196-207. 
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Visitation patterns of birds and 
butterflies at a Helicteres isora Linn. 
(Sterculiaceae) clump 

V. Santharam 

68 , I Floor, Santhome High Road, Madras 600 028, India 

There have been very few studies on pollination by 
birds in India. In this study, animal species visiting a 
flowering clump of Helicteres isora , their feeding be¬ 
haviour and visitation patterns are recorded. A total 
of 20 species (11 birds, 8 butterflies, and a mammal) 
were recorded during the observation period of 36 
hours. Birds accounted for the majority of visits, 
followed by butterflies. Only four species (birds) 
were pollinators and these visited 45.5% of the total 
flowers visited by all species, 12 were ‘thieves’ and 
four were ‘robbers’. Among the birds, Jungle Bab¬ 
blers (Turdoides striatus) visited the highest number 
of flowers and were the main pollinators. There was 
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a clear temporal pattern in the visits with two visita¬ 
tion peaks: one in the morning and the other in the 
afternoon. 

Pollination by birds and bird-pollinated flowers have 
received attention from all over the tropics. Hermit 
hummingbirds (Phaethorninae) and Heliconia flowers 
provide a striking example of specialized pollination 
mutualism 1 . In India, however, very few studies have 
been conducted on pollination by birds 2 but for a de¬ 
tailed study on the pollination aspects of mistletoes of 
southern India 3 . 

Apart from pollinators, flowers are also frequented by 
other kind of visitors which are mainly ‘thieves’ that use 
the pollen and nectar opportunistically 4 . This is detri¬ 
mental to the reproductive success of plants. Inouye 
classified various types of visitors to plants on the basis 
of their behaviour related to methods of pollen/nectar 
harvest. 

In this note I document the various visitors to the 
flowering shrub Helicteres isora Linn. (Sterculiaceae) 
and classify them into three categories 5 to identify those 
that are beneficial (pollinators) to the plant and those 
that are not (thieves and robbers). A thief is one that 
derives benefits (nectar or pollen) without harming the 
morphological integrity of the flower but at the same 
time precludes pollination due to mismatch of mor¬ 
phologies. In contrast, robbers obtain nectar by damag¬ 
ing the flower, but do not effect pollination. I also 
analysed the temporal patterns of these visits. 

H. isora is a large shrub, commonly found in the un¬ 
dergrowth of deciduous forests and teak plantation in 
southern India. Its tubular flowers measure about 4 cm 
in length and are red, fading to ‘lead’ (blue) towards the 
end of the day 6 . The red colour and tubular shape of the 
H. isora flower with a robust corolla and lack of any 
odour suggests it to be a typical bird flower 7 . Colour 
changes in flowers may help flower visitors in discrimi¬ 
nating the nectar-producing flowers from the older flow¬ 
ers with no nectar, thereby increasing their foraging 
efficiency 8 . Subramanya and Radhamani 2 have included 
it in their list of plants regularly frequented by birds, 
though only three species of birds are listed as known to 
visit its flowers. 

The flowering season of this plant varies and appears 
to follow the rainy season. In Mahabaleshwar (Western 
Ghats, Maharashtra), flowers were seen between July 
and September, the period of southwest monsoon while 
at Venkatagiri (Eastern Ghats, Andhra Pradesh), it was 
seen in bloom in November cluring the north-east mon¬ 
soon 10 . Being a common plant, flowering synchronously, 
it offers nectar in abundance during the flowering sea¬ 
son. 

The study was conducted at the Mundanturai Tiger re¬ 
serve, 8°40'N and 77°28'E in the southern Western 
Ghats in Tamil Nadu state. The site was located about a 
kilometre from the Forest Rest House on the Mundan- 

CURRENT SCIENCE, VOL. 70, NO. 4, 25 FEBRUARY 1996 


Table 1. List of animal visitors and details of their visits at the 


H. isora clump 


Species 

1 

2 

3 

4 

5 

6 

Turdoides striatus 

Jungle Babbler 

P 

56 

748 

13.4 

43.18 

13 

Nectarinia zeylonica 
Purplerumped Sunbird 

T 1 

135 

415 

3.1 

23.96 

-3 

Pycnonotus luteolus 
Whitebrowed Bulbul 

R 

39 

179 

4.6 

10.33 

-9 

Pycnonotus cafer 

Redvented Bulbul 

R 

21 

96 

4.6 

5.54 

-9 

Pycnonotusjocosus 
Redwhiskered Bulbul 

R 

11 

50 

4.5 

2.88 

-9 

Psittacula cyanocephala 
Blossomheaded Parakeet 

R 

1 

21 

21.0 

1.21 

-42 

Chloropsis aurifrons 
Goldfronted Chloropsis 

P 

9 

18 

2.0 

1.04 

2 

Acrocephalus dumetorum 
Blyth’s Reed Warbler 

T 

25 

14 

0.6 

0.80 

-1 

Dicrurus leucophaeus 

Grey Drongo t 

P 

4 

12 

3.0 

0.69 

3 

Dicrurus caerulescens 
Whitebellied Drongo 

P 

3 

11 

3.7 

0.63 

4 

Nectarinia asiatica 

Purple Sunbird 

Butterflies 

T 

1 

1 

1.0 

0.05 

-1 

Pachilopta hector 

Crimson Rose 

T 

39 

65 

1.7 

3.75 

-2 

Principes polytes 

Common Mormon 

T 

31 

65 

2.1 

3.75 

-2 

Neptis hylas 

Common Sailer 

T 

9 

13 

1.4 

0.75 

-1 

Delias eucharis 

Common Jezebel 

T 

1 

4 

4.0 

0.23 

-4 

Euploea core 

Common Crow 

T 

1 

2 

2.0 

0.11 

-2 

Moduza procris 

The Commander 

T 

1 

1 

1.0 

0.05 

-1 

Unidentified sp. 1 

T 

1 

1 

1.0 

0.05 

-1 

Unidentified sp. 2 

Mammal 

T 

1 

1 

1.0 

0.05 

-1 

Funnambulus palmarum T 

Five-striped Palm Squirrel 

Total 

2 

391 

15 

1732 

7.5 

4.4 

0.86 

100.00 

-8 


1, Category (P = Pollinator, T = Thief and R = Robber. See text for defi¬ 
nitions); 2, Total visits; 3, Total flowers visited; 4, Mean no. of flow¬ 
ers/visit; 5, % of total flowers visited; 6, Index of relative usefulness of the 


visitors to H. isora. 


turai Plateau (elevation about 180 m). The vegetation at 
the site had been disturbed by human activities in the 
past and consist of scattered trees and scrub besides 
plantations of Teak (Tectona grandis ) and Eucalyptus 
sp. In the past, the area supported moist deciduous for¬ 
ests and even at present, remnants of this vegetation can 
be seen. 
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A large clump of H. isora bushes was monitored for 
five days from 18 to 23 January 1988 between 0700 and 
1700 hrs, though the duration varied from day to day. 
The number of flowers at this clump varied from about 
600 to 900. Observations totalling 39 hours were made 
of which only hour-wise observations amounting to 36 h 
were considered for analysis. 

Observations were made from a spot, about 15 m from 
the clump using a pair of 8 x 40 binoculars. The follow¬ 
ing details were noted: (i) The time of the day; (ii) Spe¬ 
cies visiting the clump (a visit lasts from the time the 
bird lands on the clump till it leaves it; an individual 
that leaves the clump and returns after a lapse of time is 
treated as having visited a second time); (iii) Number of 
flowers visited (assuming that the animal fed every time 
it inserted its beak or proboscis into the corolla tube or 
punctured it at the base). Observations on the foraging 
manoeuvre employed by different species and the inter¬ 
actions among various species were also recorded. In 
case of flocks, the number of visits was recorded as one 
per individual. The total number of flowers visited by 
the flock was calculated using observations on any one 
individuals selected at random, and multiplying this with 
the total number of birds present in the flock. 

A total of 20 species were recorded at the H. isora 
clump. This included eleven species of birds, eight spe¬ 
cies of butterflies and the Palm Squirrel (Table 1). 
Visitors were classified into three categories namely 
pollinators, thieves, and robbers (Table 2). The relative 
usefulness of the visitors to the plant was determined 
using a simple index where the mean number of flowers 
visited per visit was multiplied with the following val¬ 
ues: 1 in the case of pollinators; -1 in the case of thieves 
and -2 in the case of robbers. The species most useful to 
the plant will have the highest positive value, while the 
one least useful to it will record the maximum negative 
value. Beak-length ranges of the bird species in the three 
above-mentioned categories (Table 3) were extracted 
from Ali and Ripley 11 . 

From the overall visitation pattern at the clump 
(Figure 1) it is clear that birds were the main visitors, 
accounting for 78% of the visits and 90.31% of the 
flowers visited. This was followed by butterflies who 
made 21.5% of the visits and visited 8.7% of the total 
flowers visited. Among the avian visits, Jungle Babblers 
accounted for the maximum flowers visited (748 flow¬ 
ers, 43.2%; Table 1). The next in importance were the 


Table 2. Summary of the nature of visitors at the H. isora clump 



Birds 

Butterflies 

Squirrel 

Total 

Pollinators 

4 

- 

_ 

4 

Thieves 

3 

8 

1 

12 

Robbers 

3 

- 

- 

4 

Total 

11 

8 

1 

20 


Table 3. Beak-length range of the three categories of birds 
visiting the H. isora (data from Ali and Ripley 11 ) 


Species 

Beak length (mm) 

Pollinators 

Turdiodes striatus 

22-25 

Chloropsis aurifrons 

22-25 

Dicrurus leucophaeus 

25-28 

Dicrurus caerulescens 

22-25 (27) 

Robbers 

Pycnonotus luteolus 

18-20 

Pycnonotus cafer 

19-21 

Pycnonotus jocosus 

17-20 

Psittacula cyanocephala 

16-19 

Thieves 

Nectarinia zeylonica 

16-19 

Nectarinia asiatica 

20-22 

Acrocephalus dumetorum 

15-18 


Purplerumped Sunbird and Whitebrowed Bulbul. Of 
this, sunbird was the most frequent visitor in terms of 
total visits made: 135 visits (34.5%). 

Four bird species were classified as pollinators based 
on the presence of pollen on their foreheads (Table 1): 
Jungle Babbler, Goldfronted Chloropsis, Grey Drongo 
and Whitebellied Drongo. Together, these species ac¬ 
counted for 789 flowers (45.5%) of the total flowers 
visited by all visitors to the clump. Jungle Babblers were 
the main pollinators of the Helicteres at Mundanturai. 
Though omnivorous in their dietary habits, Jungle Bab¬ 
blers are known to be fond of nectar and Ali and 
Ripley 11 have recognized them as pollinators of other 
flowering plants. The Jungle Babbler with the highest 
positive index value of 13 emerged as the species most 
useful to the plant followed by the Whitebellied Drongo 
(Table 1). 

Of the remaining 16 species, 12 were thieves and four 
were robbers. Thieves visited 34.4% of the flowers 
while robbers accounted for 20% of the flowers visited. 
All butterflies and the palm squirrel were thieves. Blos¬ 
somheaded parakeets were the most destructive among 
the robbers and were seen plucking flowers and drop¬ 
ping them after squeezing them of their nectar. Bulbuls 
were also noticed plucking petals and staminal tubes to 
access the nectar. The species most harmful to the 
Helicteres was Blossomheaded Parakeet with an index 
value of -42 and was followed by all three species of 
bulbuls (-9). 

Interestingly, among birds, all the pollinators had 
longer beaks (> 22 mm) while the thieves and robbers 
had shorter beaks (< 22 mm) (Table 3). Longer beaks 
may enable birds to access the nectar without damaging 
the flower. 

The specialized nectar feeders belonging to the fami¬ 
lies Irenidae, Dicaeidae, Nectariniidae and Zosteropi- 


318 


CURRENT SCIENCE, VOL. 70, NO. 4, 25 FEBRUARY 1996 



RESEARCH COMMUNICATIONS 


w 



Birds Butterflies Squirrel 


Animal class 

I 1 Flowers visited (%) jjjW Total visits (%}_ 


Figure 1. A summary of the number of visits to the Helicteres 
clump and total number of flowers visited by three classes of^ani¬ 
mals. Sample sizes [visits (flowers visited)] are: Birds, 305 (1565); 
butterflies, 34 (152) and squirrel, 2(15). 



Figure 2. Temporal pattern in visitation by birds and butterflies at 
the Helicteres clump. (Values given are the mean of the five days 
data per hour slot.) N values refer to the total number of hours of 
observation per hour slot. 

dae 12,13 were represented by eight species in the study 
site (pers. obs.). However, only three of these visited the 
Helicteres flowers, accounting for visiting 434 flowers 
(25%). Of these, the two Sunbirds that accounted for 
bulk of the visits (24%), did not aid in pollination as 
they made no contact with the anthers. Some of the 
visitors to the clump such as the Blyth’s Reed Warbler 
foraged mainly for insects and occasionally supple¬ 
mented their diet with nectar and this accounts for the 
lower rates of flowers visited by them (Table 1). 

The break-up of visitation data, hour-wise at the 
Helicteres clump showed a clear temporal pattern in the 
visits (Figure 2). The butterfly visits peaked in the 
morning between 0900 and 1000 h with the rates falling 


in the afternoon. There was some revival of visits be¬ 
tween 1600 and 1700 h. In the case of birds, the peak 
was between 1000 and 1100 h in the forenoon and be¬ 
tween 1400 and 1500 h in the afternoon. The main visi¬ 
tor in the afternoon was the Jungle Babbler that came in 
flocks and visited maximum number of flowers and this 
accounted for the higher activity in the afternoon. The 
biomodal peak of visitation at the clump may be a result 
of the tracking of resources by the visitors, as nectar 
secretion of typical bird flowers is known to follow a bimo- 
dal peak in the day 7 . However, further studies on nectar 
secretion pattern are needed to confirm this in Helicteres . 

Territorial behaviour at flowering plants by birds has 
been reported by earlier studies, especially for Sun- 
birds 11-14 . However, during the present study, no such 
behaviour was evident. This was perhaps due to the 
abundance of flowering Helicteres clumps all over the 
study area during the study period. 

The absence of Mynas (Sturnidae) at the Helicteres 
was most striking. Mynas are regular consumers of nec¬ 
tar 15 and being more aggressive and possessing longer 
beaks 11 , they could play an important role in the polli¬ 
nation of this shrub. Elsewhere, two species of Mynas 
have been feeding on the nectar of Helicteres (pers. 
obs.). Their absence at the flowering clump at the present 
study area was related to the general paucity of Mynas at 
the plateau during the study period (pers. obs.). _ 
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Kinetics and Mechanisms of Chemical 
Transformations, J. Rajaram and J. C. 
Kuriacose. Macmillan India Ltd., New 
Delhi 110 002. 1993. Price; Rs 77. 
872 pp. _ 


The authors have done a tremendous job 
in providing a very broad coverage of 
the field of dynamics of reactions and 
trying to remove the difficulties stu¬ 
dents often face when learning chemical 
kinetics. No textbook on kinetics and 
mechanisms has, to the reviewer’s 
knowledge, covered so many different 
areas as the present text. 

Chapter I is a conventional presenta¬ 
tion except that the authors have re¬ 
ferred to the modes of activation and the 
progress of a reaction in a flow system. 
Not much would have been sacrificed 
by leaving out the discussion of order 
and molecularity. Simple reactions with 
analysis of kinetic data have been dis¬ 
cussed in Chapter II and the experimen¬ 
tal methods in Chapter III. The 
presentation is excellent with well- 
chosen worked out examples. Chapter 
IV is devoted to the discussion of com¬ 
plex reactions, again with the help of 
numerous worked out problems. In 
Chapter V, the effect of temperature on 
the rates of reactions has been dis¬ 
cussed. The elaboration of energy of 
activation £ a merits special apprecia¬ 
tion. The authors have very lucidly ex¬ 
plained with examples, how to interpret 
the observed energy of activation, an 
aspect which many research workers pay 
scant attention to. 

The theories of reaction rates have 
been discussed in great detail in Chapter 
VI. Chapter VII is a discussion on rate 
laws and mechanisms with numerous 
chosen examples. While discussing the 
isokinetic plot (A H vs AS), the authors 
say that the values of AS and AH are 
subject to large errors, and to make it 
worse, the errors are mutually depend¬ 
ent because of the method of calcula¬ 
tion. The reviewer is happy to note this 
critical appreciation. 

Reactions in solution are discussed in 
Chapter VIII. In the assessment of lin¬ 
ear free energy relationship, the authors 
could have offered a more critical ap¬ 
preciation as has been done in the case 
of the isokinetic plot. 

Reactions of chemical species in the 
excited states are considered in Chapter 
IX. Worked out problems have been 


very well chosen. Different types of 
organic reactions such as photofragmen¬ 
tation, photorearrangement, photo¬ 
dimerization and photochemical redox 
reactions have been discussed. Photoe¬ 
lectrochemistry, radiation chemistry and 
radiolysis of water have been touched 
upon. 

Two long chapters X and XI deal 
with homogeneous and heterogeneous 
catalysis. The kinetics of enzyme- 
catalysed reactions have been presented 
in detail with a number of worked out 
problems. Reactions in micellar media 
and phase transfer catalysis have also 
been discussed. These chapters are very 
well written and provide a clear and 
comprehensive view of the topics. 

Reactions with solid reactants have 
been discussed in Chapter XII. These 
reactions include many processes that 
are of great industrial importance. Vari¬ 
ous aspects of these reactions have been 
considered and numerical problems 
worked out to clarify the theoretical 
principles. Thermogravimetric studies 
have been described with examples. 
This chapter has a number of compli¬ 
cated equations, some of which suffer 
from typographical mistakes. 

Chapter XIII presents electrode kinet¬ 
ics. Figure 13 presents different models 
proposed for the so-called double layer 
from time to time. For the final model 
(Bockris-Devanathan-Muller), the 

specific absorption of highly polarizable 
negative ion would have been better 
depicted had the authors used the pic¬ 
ture that Bockris-Reddy’s text provides, 
where the electrode has been shown to 
have negative charge. Voltammetric 
techniques for studying reaction mecha¬ 
nisms have been described. 

A discussion on rapid reactions in 
solution is given in Chapter XIV. The 
relaxation techniques which the authors 
touch upon in this chapter deserve more 
detailed treatment. 

In the last chapter comes the applica¬ 
tion of chemical kinetics in the elucida¬ 
tion of mechanisms of a few typical 
reactions. Reactions of organic com¬ 
pounds have been treated first and then 
the reactions of coordination com¬ 
pounds. Calculations connected .with 
electron transfer processes have been 
presented to illustrate the application of 
the Marcus correlation. By way of illus¬ 
tration of the application of the methods 
of chemical kinetics, the authors have 
discussed oscillatory chemical reactions 
and polymerization reactions. The con¬ 


cept of steady state approximation as 
well as the effect of temperature and 
pressure on chain reactions explained 
very clearly in Chapter IV have been 
illustrated with examples in this chap¬ 
ter. 

The authors in their preface have 
stated that they are attempting to re¬ 
move the difficulties experienced by 
students in understanding and applying 
the principles of chemical kinetics. On 
the whole, the authors have succeeded 
in their objective by the very clear pres¬ 
entation, their anticipation of the 'ques¬ 
tions that may arise in the mind of the 
student, and the presentation of numeri¬ 
cal problems right on the trial of the 
theoretical treatment. The book is really 
a great achievement in that it presents 
practically every area of the application 
of chemical dynamics excepting proba¬ 
bly the photoinitiated redox reaction. 
Bibliography at the end of each chapter 
would be better than all clubbed to¬ 
gether at the end. In addition to text 
books and treatises, references to review 
articles and also articles in Journals like 
Journal of Chemical Education could 
have been included. 

Despite some of these drawbacks, this 
is an excellent book which should be in 
the hands of every student of chemistry, 
research worker and teacher. The book 
will serve as a source book on chemical 
kinetics and mechanisms to beginners as 
well as practitioners in the field. 

S. Ad it y a 

Department of Chemical Technology , 
University College of Science and 
Technology, 

Calcutta 700 009, India 


Synchrotron Radiation Crystallogra¬ 
phy, by Philip Coppens. Academic 
Press, 24-28, Oval Road, London NW1 
7DX. 1993. Price: $45. 


Conventional X-ray diffraction crystal¬ 
lography is carried out using character¬ 
istic radiation emitted by a metal target 
excited by an energetic electron beam. 
Availability of computer-controlled 
diffractometers that locate directions of 
diffracted beams and measure the asso¬ 
ciated intensities with great precision 
and developments of powerful methods 
of automated structure determination for 
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crystals of small organic molecules have 
made crystal structure determination an 
automated routine technique. 

Crystallographic studies have opened 
up the flodgates for understanding 
atomic details of physical, chemical and 
biological phenomena. Crystallographic 
science has greatly benefitted by devel¬ 
opments of techniques in other areas of 
physics, chemistry and biology. Use of 
synchrotron radiation for structural 
studies is one of the latest of these de¬ 
velopments. 

The book on synchrotron radiation 
crystallography by Philip Coppens cov¬ 
ers most of the important aspects of 
these developments and provides ex¬ 
tensive references to relevant literature. 
All the chapters in the book reflect the 
ability of the author to present theoreti¬ 
cal arguments as well as experimental 
techniques with simplicity and a sense 
of wonder. The introductory chapters 
present a lucid description of the char¬ 
acteristics of synchrotron radiation such 
as flux, brilliance and brightness and 
identify the broad areas of investiga¬ 
tions for which the new radiation 
sources are important. The illustrations 
in all the chapters are excellent. The 
optical elements that are inserted in the 
beam path to obtain an X-ray beam of 
desired monochromaticity and spatial 
divergence and various aspects of beam 
characteristics and their relation to er¬ 


rors of measurements are well de¬ 
scribed. Some description of area 
detectors, including the recently devel¬ 
oped imaging plate systems, multiwire 
proportional chambers and charge cou¬ 
pled devices are provided along with 
references to original literature. 

The usefulness of the synchrotron 
beams for studies on charge densities is 
illustrated with some pioneering first 
applications to inorganic complexes. 
This part also has a discussion on fac¬ 
tors that contribute to the accuracy of 
the final maps and a discussion on the 
protocols to minimize errors. Theoreti¬ 
cal analysis of the anomalous scattering 
effects that could be exploited by the 
tuneability of the wavelength of syn¬ 
chrotron radiation is presented along 
with the methods for experimental esti¬ 
mation of the real and imaginary com¬ 
ponents of anomalous scattering. There 
is also a brief discussion on the appli¬ 
cations to biological macromolecules. 
Aspects of studies on time-resolved 
structural studies in the case of organic 
molecules as well as proteins have be¬ 
come possible only due to the high in¬ 
tensity of the synchrotron beam. The 
high intensity over a broad wavelength 
range in synchrotron radiation makes 
new multiwavelength methods available 
for structural studies. This is briefly 
covered with references to recent work 
on high pressure studies and macro- 


molecular crystallography. The book 
also has review chapters on high reso¬ 
lution powder diffraction methods (the 
so-called Rietveld refinement) found 
indispensible for certain types of analy¬ 
sis in material science (by D. E. Cox of 
Brookhaven National Laboratory) and 
thin film or two-dimensional crystallog¬ 
raphy (by E. Vliey and I. K. Robinson, 
AT&T Bell Laboratories). The book 
presents a concise account of the fasci¬ 
nating and rapid developments that are 
taking place in the use of synchrotron 
radiation in structural science. 

The book will be a standard source of 
reference for all crystallographers and 
material scientists interested in using 
the powerful beam available in synchro¬ 
trons. Although this book has found its 
way into the hands of this reviewer 
nearly 2 years after publication, the 
contents have not lost any of their topi¬ 
cality. It might not be irrelevant to 
mention here that India will acquire a 
synchrotron of its own and will have X- 
ray beam line available during the first 
decade of the next century. 


M. R. N. Murthy 


Molecular Biophysics Unit, 
Indian Institute of Science, 
Bangalore 560 012, India 


Correction 

In “The centennial of the discovery of millimetre waves 
by Jagadis Chandra Bose” (Curr. Sci., 1996, 70, 172- 
175), read “In May 1895..." instead of “...1885..." on 
page 172, 1st line and “Another statement about Bose’s 
prowess..." instead of “...process..." on page 175, col- 
umn 3, 35th line. 


CURRENT SCIENCE, VOL. 70, NO. 4, 25 FEBRUARY 1996 


321 



HISTORIC AL COMMENTARY AND NOTES _ 

100 Years of radio: 1895-1995 - Some reflections 

B. S. Sonde 


Introduction 

The world has witnessed many outstand¬ 
ing discoveries and inventions from 
time to time, which have greatly influ¬ 
enced mankind. The invention of 
‘Radio’ in 1895 is one such and Gug- 
lielmo Marconi (1874-1937) is given 
credit to this. By his vision, ability and 
ceaseless efforts, he became one of the 
greatest inventors and created what was 
in his time a new and instantaneous 
means of electric wave communication. 
The world owes the immeasurable 
benefits of radio and all that has 
emerged from it to the farsighted genius 
and entrepreneurial skills of Marconi, 
who is rightly regarded as the ‘Father of 
Radio’. Alexandre Stepanovich Popov 
(1859-1905) was another investigator 
who was also able to demonstrate wire¬ 
less telegraphy at almost around this 
time. But Marconi is regarded as the 
inventor of radio because he developed 
the technique further, extended the 
range of coverage, made it practical and 
applied it with missionary zeal for the 
good of humanity. World-wide advances 
in long-distance communication by 
radio, radio broadcasting, television, 
various other applications of radio-like 
radar, radio aids to navigation, mobile 
communication, information highways 
and the tremendous progress in electron¬ 
ics that has made such systems possible, 
had their beginnings in Marconi’s ex¬ 
periments on ‘wireless’ in the closing 
years of the 19th century. These ex¬ 
periments were based on the solid foun¬ 
dations of electromagnetics, telegraphy 
and telephony laid by several of his 
illustrious predecessors in the world of 
science and backed by his own intellect 
and skills. The impact of Marconi’s 
contributions to radio on human society 
is so profound that the technological 
revolution of the 20th century would be 
unthinkable without radio. 


The early years 

In the physics of radio, three major dis¬ 
coveries of the 19th century stand out- 
a) Electromagnetic induction, by which 
relative motion between a magnet and a 


nearby conductor produces an electro¬ 
motive force in the conductor and 
vice versa; i.e., magnetism producing 
electricity, just as electricity produces 
magnetism; discovered almost simulta¬ 
neously in 1831 by Michael Faraday 
(1791-1867) in England and Joseph 
Henry (1797-1878) in USA; b) Elec¬ 
tromagnetic theory of light and the 
famous field and wave equations of the 
electromagnetic field postulated and 
explained in 1873 by James Clark 
Maxwell (1831-1879) in England, 
based on Faraday’s discoveries in elec¬ 
tricity and his conception of electric and 
magnetic lines of force; c) Experimental 
researches verifying Maxwell’s theory, 
1887-1889, by Heinrich Rudolf Hertz 
(1857-1894) in Germany. Through 
these researches, Hertz was able to 
demonstrate the generation of electro¬ 
magnetic waves and their transmission 
in free space (a few metres) in the labo¬ 
ratory. And soon, Hertzian doublet an¬ 
tenna and the radiation from it became 
the starting point for many stud¬ 
ies/investigations including antennas 
and wave propagation in the following 
years. 

Several leading scientists of the time 
pursued these investigations further. 


They included Oliver Lodge (1851- 
1940) in England, Augusto Righi 
(1850-1920) in Italy, Jagadish Chandra 
Bose (1858-1937) in India and Popov 
in Russia. While Bose conducted his 
work on quasi-optical researches with 
‘electric waves’ at a wavelength of 
5 mm and demonstrated in 1898 a 
microwave spectrometer containing 
transmitter, receiver, horn antenna and 
waveguides which many years later 
turned out to be essential parts of a 
microwave communication link, Lodge 
and Righi independently developed a 
‘coherer’ in 1894, that could detect the 
presence of electromagnetic waves 
using iron filings in a glass bottle. At 
about the same time, Popov devised the 
first radio antenna in his attempts to 
detect electromagnetic radiation from 
lightning. 

It was in this same period of radio 
science development that two major 
items of great interest in electrical 
communication were invented, viz. 
electric telegraph and telephone. Samuel 
J. B. Morse (1791-1872) gave a first 
public demonstration of the telegraph 
system (commonly known as the Morse 
system) in USA in 1838 over a 3 km 
line. This caught the imagination of the 



Figure 1. A reenactment of Samuel Morse sending the first telegraph message in 
1844 (Reproduced from ref. 5). 
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public and Government alike and Morse 
was awarded the telegraph patent in 
1840. He also got a contract to install 
the first public telecommunication link 
in the world, viz. Washington DC to 
Baltimore, a distance of 70 km. This 
was opened for public use by Morse 
himself in May 1844. The first message 
was prophetic: What hath God wrought? 
(Figure 1). Very soon the wireline tele¬ 
graph network expanded and covered 
the whole of USA, Europe and many 
countries of Asia/Pacific as well. The 
control of rail road traffic, business and 
Government activities was largely con¬ 
ducted through this network. Besides, a 
transatlantic submarine cable was laid in 
about 1868 to connect Europe with 
USA. 

At about this time, Alexander Graham 
Bell (1847-1922) was conducting his 
studies and experiments in USA to 
transmit human voice electrically. Bell 
succeeded in this in 1876 and was 
granted the US patent, when the first 
voice message was transmitted over a 
pair of wires just a few metres long. The 
message (calling his assistant) was ‘Mr 
Watson, come here, I want you’. Since 
that first call, the impact of telephone 
on human communication has been 
quite profound. Easy to use and allow¬ 
ing .direct real time contact between 
persons, telephony naturally overtook 
telegraphy as the communication’s me¬ 
dium of choice (Figure 2). Develop¬ 
ments in telephony - both transmission 
and switching - took place at a rapid 
pace in the following years and by 1895, 
the first automatic telephone switch 
became operational. 



Figure 2. Alexander Graham Bell inau¬ 
gurating the New York-Chicago tele¬ 
phone service in 1892 (Reproduced from 
ref. 5). 


At this stage, the world was looking 
for a low cost transmission medium for 
long distance communication with high 
reliability. And, Marconi stepped in 
with his foresight, vision, courage and 
business acumen to engineer a practical 
radio communication system based on 
the excellent radio science that had de¬ 
veloped by the 1880s, in association 
with the practical electrical communi¬ 
cation technology that was rapidly ex¬ 
panding. 

Marconi and his wireless 

Marconi was born in 1874 in Bologna, 
Italy, the son of an Italian merchant and 
a Scottish-Irish mother. Due to family 
circumstances, he did not have the usual 
formal education in school/college; but, 
his early education was largely due to 
his mother and private tutors. However, 
even in his boyhood, Marconi showed 
keen interest in electrical science and 
mechanical systems. Hence, his imagi¬ 
nation was quickly fired and he got 
excited by the following few events in 
his youth: 

a) Chance reading (summer of 1894) of 
an obituary note on Hertz, who had 
passed away earlier that year, giving the 
details of his experiments for verifying 
Maxwell’s electromagnetic theory; 

b) Lecture-cum-demonstration on the 
transmission and reception of Hertzian 
waves by Lodge at the Royal Institution, 
London in June 1894; 

c) Lectures on Hertzian waves by Righi 
at the University of Bologna in the 
autumn of 1894. 


Marconi immediately took up the study 
of Hertz’s work and the various further 
developments on it by other investiga¬ 
tors in the field, in particular Lodge, 
Righi and Bose. While these scientists 
were interested in the fundamental sci¬ 
entific aspects of Hertzian waves, 
Marconi’s main interest was in applying 
Hertzian waves for telegraph transmis¬ 
sion through space. He conceived the 
idea of modulating the Hertzian waves 
to transmit intelligence through space 
and was convinced that such waves 
could be used for wireless transmission 
of telegraph signals. He conducted his 
preliminary experiments at his villa in 
Bologna using a spark-gap source, a 
Morse key and a coherer detector in 
1895, and succeeded in transmitting 
telegraph signals across the room over a 
distance of 10 m. During these experi¬ 
ments, he found casually that the range 
increased markedly when one of the 
metal plates connected to the spark gap 
was held high and the other was kept on 
the earth. This was the origin of the 
aerial and the earth system. 

Confident of what he had achieved, 
Marconi offered his new wireless tele¬ 
graph system to the Italian Government 
in September 1895; but they did not 
show any interest. However, encouraged 
by his mother, Marconi moved to Eng¬ 
land early in 1896, where, after further 
experimentation and improvements, he 
demonstrated his system to the British 
Post Office in 1897 (Figure 3). This was 
well received and Marconi was awarded 
the wireless telegraph patent in 1897. 
With financial support from his 
mother’s relatives, Marconi organized 
the Wireless Telegraph and Signal 



Figure 3. Guglielmo Marconi with his wireless telegraph set in 1900 (Reproduced 
from ref. 5). 
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Company in England in 1897, to 
develop the wireless telegraph system 
commercially. Moving to longer wave¬ 
lengths and higher power transmitters, 
he was able to communicate over a dis¬ 
tance of 30 km by 1898. In April 1900, 
Marconi received his famous ‘four sev¬ 
ens’ patent (British Patent 7777) to 
cover resonance tuning of the transmit¬ 
ter and the receiver for enhancing se¬ 
lectivity of the wireless communication 
link. This encouraged Marconi to under¬ 
take further work, particularly to dem¬ 
onstrate transatlantic wireless 
communication. In December 1901, he 
was able to transmit signals from a high 
power Marconi transmitter located at 
Poldu in Cornwall, England to a receiv¬ 
ing station near St. Johns in New 
Foundland, Canada, thereby making his 
goal a reality. The receiving antenna 
consisted of a 130 m long copper wire 
supported by a kite (Figure 4) and the 
detector was an Italian navy coherer 
consisting of a globule of mercury be¬ 
tween iron terminals and connected to a 
telephone receiver. This was a great 
triumph which created sensation around 
the world and Marconi soon became a 
world renowned personality. His other 
technical developments included the 
magnetic detector - an improvement 
over the coherer - the rotary spark and 
the use of directional antennas. Honours 


came to him from far and near: Italian 
Knighthood (1897), Knight of the Rus¬ 
sian Order (1902), Knight of the Civil 
Order of Savoy (1905) and the Nobel 
Prize (1909), to name a few. Later 
Marconi adopted many new technolo¬ 
gies, including the diode valve, the 
crystal detector, CW transmission and 
the triode valve for providing more ef¬ 
fective radio communication. As a result 
of these measures and the contributions 
of several other scientists/technologists 
of the period like Arthur Kennely, Ol¬ 
iver Heavyside, Edward Appleton, Ar¬ 
nold Sommerfeld and C. S. Franklin, 
radio communication developed rapidly 
in the early part of the 20th century. Of 
great significance in this period was the 
role of radio for many uses: 

Ships at sea . British navy carried out 
the first radio communication tests in 
1896. But the need of radio at sea was 
brought home in a striking manner, 
when the 46000 ton ocean liner 
‘Titanic’ struck an iceberg and sank on 
the night of April 14-15, 1912. It was 
only through radio telegraphy that over 
700 persons out of a total of 2200 in 
the ship could be saved. Ever since 
that time, ships at sea invariably use 
radio equipment. More recently, this has 
been extended to air and space travel 
also. 


/ 


Intercontinental communication . In the 
early years, it was long-wave communi¬ 
cation with limited utility. But Marconi 
commenced short-wave radio telegraph 
and telephone service between England 
and the British Commonwealth in the 
1920s based on a better understanding 
of the ionosphere which had become 
possible by then and the use of directive 
antennas. This has greatly enabled 
global communication. 

Radio broadcasting . Soon after the I 
World War, radio broadcasting at MW 
and SW bands became a reality. This 
was greatly assisted by the invention of 
regenerative amplifiers, superhetero¬ 
dyne principle and frequency modula¬ 
tion as an alternative to amplitude 
modulation during the period 1915— 
1935 by Edwin Howard Armstrong 
(1890-1954). 

Microwave communication. Marconi 
continued to experiment at still shorter 
wavelengths including microwaves and 
set up a floating radio laboratory on 
board his yacht Elettra. In 1932, he 
demonstrated microwave communica¬ 
tion at 50 cm successfully between 
Rome and Sardinia, a distance of 
270 km. He also installed an operational 
microwave link between the Vatican and 
the summer home of Pope Pius XI, in 
1933, a hop of 25 km. He also demon¬ 
strated the use of microwave radio bea¬ 
cons for blind navigation through 
narrow entrances. 

Marconi founded many activities and 
programmes to support .radio communi¬ 
cation studies, and he spent many of his 
later years as an elder statesman and an 
inventor. He died of heart attack in 
1937. In recognition of his great contri¬ 
butions to radio communication, 
Marconi was accorded a unique world¬ 
wide tribute of a two-minute silence by 
all radio stations across the world. 

Growth of communications 

World-wide communications have 
grown at an enormous pace since 
Marconi’s times. While it was the ex¬ 
tension of the radio frequency spectrum 
and regulating it for various communi¬ 
cations services globally on one side, it 
was also the use of newer techniques 
and technologies for communications on 
the other side. The postulation of the 
Sampling Theorem (1923), Theory of 
Pulse Code Modulation (1937), devel- 




Figure 4. Marconi transmitting and receiving circuits with antennas sustained by a 
kite. 
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HISTORICAL COMMENTARY AND NOTES 
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Figure 5. Growth of communication in the 20th century. 


opment of digital computer (1945), in¬ 
vention of the transistor (1947) and the 
breathtaking advances in miniaturiza¬ 
tion in the post-II World War period 
have all contributed to these advances. 
In particular, progress in digital com¬ 
munication and microelectronics have 
heralded a new era in communications. 
The important developments and the 
recent trends are: 

• Satellite communication, providing 
highly reliable global coverage using 
earth satellites in different orbits; 
GEOS, MEOS, LEOS; 

• Digital transmission and switching in 
telecommunications, facilitating not 
only voice, but also many non-voice 
services like text, fax, data, graphics, 
image etc. on a world-wide basis, 
ISDN; Intelligent switches and net¬ 
works; 

• Broadband communication - both 
radio and fiberoptic, to provide in¬ 
formation highways with high reli¬ 
ability; B-ISDN, ATM; 

• Paging and cellular mobile commu¬ 
nications facilitating mobility of in¬ 
dividual users, eventually leading to 
personal communication system/ 
network on a global basis; 


• Wireless local loops (WILL) to ex¬ 
tend telecom services rapidly and at a 
low cost to rural homes in develop¬ 
ing countries; 

• Convergence of communications, 
computing and entertainment tech¬ 
nologies, greatly facilitating many 
novel and innovative services; e.g., 
voice mail, telemedicine, multimedia, 
home shopping, distance learning, 
video on demand, etc. 

Figure 5 gives a pictorial representa¬ 
tion of the growth of communications 
through the 20th century, in particular 
since the 1970s, based on the strong 
foundations established by radio com¬ 
munication in the earlier period. Thus, 
while the world of communications 
continues to expand, the world we live 
in is shrinking in size, day by day, and 
is truly becoming a global village. 


communication in the service of man¬ 
kind, but also vast industries and utili¬ 
ties employing millions of persons 
around the world. The communications 
revolution triggered by Marconi nearly 
100 years ago continues to grow even 
today and is poised for a big future in 
the coming century as well. 
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Conclusion 

Marconi is truly one of the greatest 
benefactors of mankind in modern 
times. His work and achievements have 
not only brought into existence radio 
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Opportunities for Research and Training 

Physical Research Laboratory, Ahmedabad, offers excellent research opportunities in various areas of 
Theoretical and Experimental Physics as outlined below: 

Theoretical High Energy and Particle Physics 
Nuclear Physics 

Plasma Physics and Gravitational Physics 
Nonlinear Dynamics and Computational Physics 
Laser Physics and Quantum Optics 
Atomic and Molecular Physics. 

Solar System Astrophysics and Meteorite Studies 
Infrared and Optical Astronomy 
Solar Physics 

Crustal Evolution, Geochemistry and Geochronology 
Oceanography and Palaeoclimatology 
Atmospheric Sciences and Aeronomy. 

The Observational Astronomy and Solar Physics work are being carried out at Mount Abu Infrared 
Observatory using 1.2 meter telescope and Udaipur Solar Observatory. 

Bright and highly motivated students and young scientists are encouraged to apply for research and 
training under the following categories: 

Ph D Programme 

M Sc students with first class or high second class degree in Physics/Chemistry/Applied Mathematics/ 
Geology/Geophysics/Oceanography, and with Physics and Mathematics as subjects in, the BSc 
degree, are selected in this programme to pursue research leading to Ph D degree underthe guidance 
of Senior Scientists of the Laboratory. The research scholars are selected on the basis of their 
academic record written test and personal interview. They will be required to undergo course work m 
various topics during the first year. Continuation of the research scholarship is subject to successful 
completion of this course work. 

Associateship programme 

M Sc students with first class or high second class degree in Physics/Chemistry/Applied Mathematics/ 
Geology/Geophysics/Oceanography, and with Physics and Mathematics as subjects in their B Sc 
degree, are selected in this programme to do research in association with Senior Scientists in specie 
experimental programmes and participate in the associatedtheoretical/modellling ^ vltl ® s ^ ^ ese ^f 
aptitude is an important desirable qualification. The candidates are selected on the basis of their 
academic record, written test and personal interview. They will be required to develop appropriate 
experimental skills and theoretical modelling capabilities as required. 

The Associateship will be awarded initially for one year, but may be continued for three years 
depending on the progress made by the individual. A few of the selected Project Associates who do 
exceptionally well may be considered for suitable permanent positions in the Laboratory any time during 
their tenure and will be allowed to develop their future scientific career. 

Post-Doctoral Research Programme 

Young scientists with Ph D degree in Physics, Chemistry or any branch of Earth Sciences and 
preferably having experience in these fields are selected as Post-Doctoral Fellows to do research m 
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any of the fields mentioned above. Tenure of the Post-Doctoral Fellows will be for one year and is 
extendable for another year subject to satisfactory progress. There is a possibility of permanent 
absorption in PRL for meritorious and exceptionally good candidates. 

Scholarship/Fellowshfp 

For Ph D Programme 

Rs 2800/- per month. The scholarship may be raised to Rs. 3000/- per month after two years and to Rs 
3200/- per month after four years subject to appropriate evaluation. A book allowance of Rs 3000/- per 
year for each of the four years starting from the first year of Research Scholarship is provided. Selected 
candidates are provided accommodation in the students’ hostel. 

For Associateship Programme 

Rs 3500/- per month. Hostel facilities at a nominal rent or an HRA of Rs 650/- per month (in lieu of non¬ 
availability of hostel accommodation) may be provided during the Associateship period. 

For Post Doctoral Research Programme 

Rs 4000/- to Rs 4500/- depending on the experience plus medical care. A small furnished apartment 
may also be provided, but if accommodation is not available, HRA of Rs 650/- per month will be given. 

Procedure for Application 

For Ph D/Associateship Programmes 

Additional information and application forms for the Ph D/Associateship programmes can be obtained 
from: 

THE DEPUTY REGISTRAR 
PHYSICAL RESEARCH LABORATORY 
NAVRANGPURA 
AHMEDABAD 380 009. 

Duly completed application forms should reach the above address on or before Monday, 29 April 1996. 

Selected candidates called for written test and interview from outstations will be paid to-and-fro second 
class railway/bus fare (whichever is less) by the shortest route from the address given in the 
application. 

For Post-Doctoral Research Programme 

The application on plain paper for Post-Doctoral Fellowships containing (a) bio-data and list of 
publications; (b) highlights of thesis and (c) brief research proposal should be sent to: 

THE DEAN 

PHYSICAL RESEARCH LABORATORY 
NAVRANGPURA 
AHMEDABAD 380 009. 

In addition, the candidate should arrange for at least two letters of recommendation to be sent directly 
to the above address. 

Candidates called for interview from outstations will be paid to-and-fro first class train/bus fare by the 
shortest route from the address given in the application. 
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Ensuring safe blood 

‘Donate blood and save a life’ 
proclaim the posters. Nevertheless, 
blood banks are in news these days 
more for the lives they put in peril 
than for those they save. Last year, 
there were newspaper reports that a 
reputed blood bank in Bombay sup¬ 
plied to several leading hospitals in 
the city, at least fifteen bags of blood 
contaminated with human immuno¬ 
deficiency virus (HIV) or hepatitis 
B virus. This was followed by the 
scandal in a children’s hospital in 
the same city, where 45 of the 64 
children with thalassemia, who had 
blood transfusions regularly, tested 
positive for HIV. Contaminated blood 
and blood products are causing alarm 
the world over. In the United States, 
it was estimated in 1987 that 9500 
of 15,500 haemophiliacs had become 
infected and another nearly 12,000 
people had acquired HIV infection 
from transfusion. Public outcry 
against such episodes was manifest 
at its extreme in France, when a 
former Prime Minister and his two 
cabinet colleagues were ‘put under 
examination’ for their alleged involve¬ 
ment in a spate of transfusion- 
related infections during the period 
they were in power. 

Negligent practices and unsatisfac¬ 
tory safety procedures threaten to 
denigrate a scientific discipline nur¬ 
tured over a century. ‘Blood banking’ 
has progressed to the science of 
‘Transfusion Medicine’ in steps. In 
1901 Karl Landsteiner described the 
major blood groups and showed the 
way for selective blood transfusion. 
Later, techniques were identified to 
test the compatibility of donor blood 
with the recepient’s. Thus, a number 
of deaths due to blood incompati- 


In this issue 

bility could be averted. Discovery of 
soft plastic containers and methods 
for preservation ensured long-term 
storage of blood and its components. 
Today virtually every branch of 
medicine makes use of the advances 
in transfusion practice. 

The scientific basis of Transfusion 
Medicine and requirements for effec¬ 
tive practice of blood banking are 
outlined by Jaisy Mathai and Raman 
Kutty (page 352). They highlight 
ways for optimal utilization of a unit 
of blood and also draw attention to 
the dismal scene in blood transfusion 
services in India. 


C. C. Kartha 


Taxodioxylon gypsaceum 

In the article ‘Taxodioxylon gyp¬ 
saceum and its botanical affinities’, 
van der Burgh and J. J. F. Meijer 
describe the variations encountered 
in the xylotomy of different speci¬ 
mens of this taxon (page 373). The 
authors have rightly highlighted the 
importance of proper evaluation of 
the variation in the wood structure 
of fossil taxa. They have convin¬ 
cingly shown that Taxodioxylon gyp¬ 
saceum is a heterogeneous complex 
of at least three botanical species 
and it is not possible to reconstruct 
anything concerning the vegetation 
on the basis of wood alone. 

C. G. K. Ramanujam 


Hydrothermal activity in the 
Andaman Sea 

P. S. Rao and his colleagues at the 
National Institute of Oceanography, 


\ 


Goa, looking for new sources of 
sulphide minerals come out with 
good news for this country. Using 
the sophisticated methodology of 
submarine surveys, including multi¬ 
beam bathymetric scanning, they dis¬ 
covered deposits of metal sulphides 
in the making in volcanic vents in 
a submarine rift 2000-4100 m deep 
in the Andaman Sea (page 379). 
They found that the sea floor behind 
the arc of islands, which opened 
about 12 million years ago, continues 
to spread out at the rate of 3.72 cm 
per year. The marine Andaman 
province is thus in a great geo¬ 
dynamic flux. 

K. S. Valdiya 


Killari earthquake 

The 1993 Latur earthquake was a 
shattering experience. Several thousand 
people lost their lives; and for many 
lakhs there were untold miseries. It 
demolished the myth that the Penin¬ 
sular India is a tectonically stable 
and seismically quiet shield. C. P. 
Rajendran and his colleagues (page 
385) describe a number of structural 
deformation and geomorphic features 
that indicate that the belt of 1993 
rupture has been rocked by earthquakes 
in the distant past - the region is prone 
to seismic events of long recurrence 
interval. This fact underlines the strong 
need for looking at the hundreds of 
faults cutting the shield for their 
activeness. Active faults are seis- 
mogenic. 


K. S. Valdiya 
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Importance of herbaria and taxonomists 


I would like to emphasize the importance 
of herbaria and the taxonomists - both 
becoming extinct at many places ( Curr . 
Sci ., 1995, 69, 968-969). Higher plants 
are a recognized source of useful chemi¬ 
cals for the pharmaceutical and chemical 
industries, but authenticity of the speci¬ 
mens is an important step for these 
industries. Commercial plant suppliers 
should maintain a Voucher Herbarium 
Specimen of the plant or else they should 
not be given licence. Commercial pharma¬ 
ceutical firms have failed several times 
due to the acceptance of wrong plant 
material for extracting drug, resulting in 
a loss of billions/trillions of dollars. That 
is the reason why the pharmaceutical 
industry and Government agencies turned 
their heads against further exploitation of 
a market now estimated in the US at $ 6 
billions at the consumer level. 

During World War II, some professional 
botanists and graduate students who were 
thorough in taxonomy were drafted, en¬ 
listed or commissioned in the armed 
forces and it was possible to use their 
training in taxonomy directly. The role 
of botanists in the military ranged from 
teaching or research to participation in 
combat or support operations. A few 
taxonomists in uniform, in spite of their 
occupational obligations, were encouraged 
by civilian museum personnel to collect 
botanical specimens. The best-known 
projects for taxonomists (botanists) as 
civilians involved the search for native 
supplies of strategic new materials, par¬ 
ticularly the Cinchona mission, the Rubber 
mission - Hevea , Carica papaya , Castilla 
elastica , Ciyptostegia, Haocomia, Micrandra, 
Manihot and its species, Parthenium- 
Guayule, Sapium, Solidago and its 
species, Taraxacum and its species. . 

The USA Typhus Commission was 
established by executive order of President 
Roosevelt as a quasi-independent agency 


under the aegis of the Preventive Medicine 
Service of the Office of the Surgeon 
General, US Army. An outbreak of murine 
typhus was investigated in Egypt, but the 
major concern was the occurrence of 
rickettsial scrub typhus (Japanese river 
fever) among the American and Australian 
troops in the Solomons and in New 
Guinea. South Bat Island in the Purdy 
Group was abandoned for military pur¬ 
poses in mid-April 1944 when two-thirds 
of the military personnel got the disease 
within six weeks of their arrival There 
followed severe outbreaks in ‘Marrill’s 
Marauders’ in Central Burma area and 
among British troops in the area of 
Imphal, India and in Central Burma. The 
USATC India-Burma Field Party formed 
a ‘Botany section with stress on taxo¬ 
nomy’ in June 1944, with a mission to 
sample the vegetation around infested 
camp sites and control areas for infected 
mites. A British Typhus Commission with 
A. A. Bullock of Kew Botanic Gardens 
as botanist (taxonomist) had suggested 
that mites were confined to stands of 
Elephant Grass. Drying plants in the mon¬ 
soon was a problem. Army blankets were 
cut into rectangles to be used as blotters- 
in presses with Coleman stoves as source 
of bottom heat in improvized drying 
cabinets. About 3000 herbarium sheets 
were sent to the Smithsonian, but iden¬ 
tifications were delayed for lack of data 
on locale. No voucher specimens were 
available for correct identification of plant 
species. 

Malarial survey units, because of the 
severe and debilitating effects of malaria 
on troops in the southwest Pacific Islands, 
attempted to eradicate the mosquito vec¬ 
tors and to develop medicinal alternatives 
to quinine. The survey and control work 
was usually done by medical personnel, 
with entomologists and several botanists 
(mainly taxonomists) playing a major role. 


In Trinidad it was determined that the 
malarial mosquito bred in water in the 
rosettes of epiphytic bromeliads. The 
bromeliads were identified by a taxo¬ 
nomist in the States and a programme 
of eradication by sprays removed all 
bromeliads, designated by botanists, 
for a considerable distance around the 
military bases. 

S. G. Torne 

S. P. Chowgule College, 

Margao, 

Goa 403 601, India 


Uses of herbaria 

R. R. Rao ( Curr Sci., 1995, 69, 968-969) 
has rightly emphasized the importance of 
herbaria. 

The herbarium specimens have proved 
of immense value in locating mines after 
the indicator value of the species_was 
realized. For example, reading the 
localities of copper mosses from herbaria 
sheets led to the location of copper mines 
in Sweden. 

In other cases, the specimens collected 
in the last century can throw light on the 
environmental changes in the recent past. 

Herbarium specimens of leaves of the 
tree Palaquim grande , collected a century 
ago from the Deltota estate near 
Peradeniya, Sri Lanka, show a lot of 
growth of a curious alga-like moss 
Ephemeropsis tjiboldensis , which is a very 
good indicator of an ever-moist micro¬ 
climate. However, a search for such 
epiphylous mosses in the same locality 
in recent years by W. Meijer of Kentucky 
University, USA, proved futile because 
of the destruction of forests. 
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Herbaria could also illuminate the 
evolutionary trends in the taxa with 
environmental implications. Study of • 
populations within a species could provide 
information as to whether a particular 
site is undergoing accentuation of aridity 
or not. Certain species exhibit a number 
of populations, for e.g. the grass 
Oropetium thomaeum Linn. f. [Tandon, 
R. K., Ecological investigations on 
Oropetium thomaeum (Linn, f.) Trin., Ph 
D thesis. University of Delhi, 1977]. It 
may be possible to arrange these popula¬ 
tions along a gradient of humidity-aridity. 
It would be an interesting exercise to 
compare the population of a particular 
site of Rajasthan or Sind with the her¬ 
barium specimens collected from the same 
locality a century or so ago and to note 
whether a trend towards xericity is indi¬ 
cated. Such an investigation may give a 
clue to a biometeorological shift or 
stability in the degree of aridity. 


V. M. Meher-Homji 


Institut Francais, 

11, St. Louis Street, P.B. No. 33, 
Pondicherry 605 001, India 


Animal usage in 
research 


The Current Science issue of 25 August 
1995 carried a special section on Animal 
Welfare. In a prefatory note to the article 
entitled ‘On the use of animals in research 
and education’ you identify one of the 
authors Dr Jane Goodall as a noted ad¬ 
vocate for the noninvasive use of animals 
in research. But Dr Goodall is not an 
advocate for animal use at all. What she 
advocates is conduct toward animals with 
ethical consideration and with respect. 

Walter Miale 

Green World Centre, P.O. Box 45, 
Highgate Springs, VT 05460, USA 


Biodiversity information networks 


C. P. Geevan’s article (Curr. Sci., 1995, 
69, 906-914) suffers from the deficiency 
of not identifying adequately the infor¬ 
mation sources or the ongoing efforts in 
building up such sources in India. A 
glaring example is the omission of efforts 
of the BSI and the ZSI in creating an 
information network. There are a few 
others that should have been examined 
and mentioned. The other difficulty with 
this article is its thorough neglect of the 
limitations of the telecommunication in¬ 
frastructure in this country, which neces¬ 
sitates development of suitable hybrids 
of electronic and conventional databases 
and mechanisms of dissemination. 
Without a thorough analysis of at least 
these issues, the article is an exercise in 
speculation without the rigour that con¬ 
verts speculation into reality. 


V. Balaji 

M. S. Swaminathan Research Foundation, 
Madras 600 113, India 


C. P. Geevan replies: 


Balaji’s comments pertain to two key 
points: 


(a) the information sources need to be 
fully identified, and 

(b) the limitations of telecom infrastruc¬ 
ture in the country have been neglected 
and that these limitations necessitate the 
development of ‘hybrid’ databases. 


With regard tO'-4he_first observation, I 
would like to stress thaTmy focus was 
primarily on establishing (special interest 
groups for biodiversity v conservation 
making use of available or emerging com¬ 
puter networking options ahd not on in¬ 
formation sources in their numerous 
forms. Nor was there any selective men¬ 
tion or omission of information sources. 
I have pointed out only networking efforts 
which involve a variety of organizations 
and not those being carried out within 
large institutions. It is quite well known 
that BSI and ZSI -among the oldest in¬ 
stitutions - possess the largest depositories 
of biodiversity information in the country. 
However, networking efforts, if any, in¬ 


itiated .by them with the participation of 
other organizations have not been 
publicized. If such an initiative exists it 
certainly is a welcome development. 

Both small and large organizations have 
a place in networking, since the infor¬ 
mation available with a minor player may 
potentially be of high value to another 
participant. It may also be noted that a 
large number of research institutions and 
NGOs in the country already possess or 
have initiated databases in the areas of 
their concern and are important informa¬ 
tion sources. I have also refrained from 
identifying information sources since it 
has been much discussed. What is needed, 
however, is easy access to both informa¬ 
tion and expertise. Even if such access 
is based on very low speed modems 
connected to poor telephone lines, it will 
make a world of difference. 

In his second observation, Balaji argues 
for ‘hybrid’ (distinct from multimedia) 
databases, and implies that the present 
telecom infrastructure cannot support the 
concept presented in my article. I am 
unaware of instances of database designs 
that are able to overcome the barriers 
imposed by the technology level of com¬ 
munication systems. It will be a major 
breakthrough if some ‘hybrid’ data struc¬ 
ture can perform a miracle of sorts by 
circumventing these limitations. Undoub¬ 
tedly, considerable R&D effort is needed 
to transform this fond hope into a tech¬ 
nical possibility. Sadly, there are no 
reports of such efforts. 

As regards the adequacy of telecom¬ 
munication links in the country, it may 
be noted that (a) networking efforts in 
India have progressed in spite of severe 
constraints, and (b) the telecom infrastruc¬ 
ture in the country is not so bad as to 
deter large-scale data networking. Such 
scepticism is rather misplaced, particularly 
at a juncture when the telecom options 
are comparable to that in developed 
countries. The telecom network in India, 
though not among the very best in the 
world, certainly does not rank among the 
worst. It is, in fact, possible now to 
operate data links from some of the 
remotest locations. If better links are a 
must, the user can opt for VSAT. 

The critics of data networking using 
terrestrial links have been proven wrong 
by the very success of such networks 
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both in commercial and non-commercial 
sectors. For instance, when the ERNET 
project began it was based primarily on 
telephone links using low speed modems 
(300 bps!) when our telecom infrastructure 
left a lot to be desired. Its success needs 
no elaboration although critics had not 
given it much chance of survival. The 
success of highly reliable commercial data 
networks in India are other examples. 

The telecom facilities available are ade¬ 


quate to initiate the plan presented in my 
article. Moreover, we have every reason 
to think that the telecom facilities will 
improve, given the ambitious plans of 
the Department of Telecommunications. 
Although it is possible to find many 
faults with the telecom sector, those are 
not what prevents the realization of the 
plan outlined. It is certainly feasible to 
translate the plan into reality as an overlay 
network riding over an existing one such 


as the ERNET. The initiatives noted in 
my article show that beginnings are being 
made and the plan is, indeed, viable. 


C. P. Geevan 

Salim Ali Centre for Ornithology and 
Natural History , 

Kalamplayam , Coimbatore 641 010; India 


OPINION 

What can be done with science education in Indian universities? An 
attempt at a synthesis 


V. Sitaramam and Zuben E . Sauna 


What options are left for the university 
education in the country? 1 We were some¬ 
what surprised by the extent of correspon¬ 
dence, national and international, at a 
personal level, a previous paper on educa¬ 
tion sparked 2 . However factually and infe- 
rentially it may be correct, we were told, 
it tells little as to what is to be done. The 
dilemma that confronts us is: do we serve 
God (of quality) or Mammon (of actuality)? 

A real question of immediate import 
came in the way of a challenge recently 
to us at Pune University as to what can 
be done for life sciences at the University. 
Extensive discussions combining percep¬ 
tions of our students with those of the 
faculty led us to realize that most plans 
are improbable and left us with a very 
few options. We summarize here a 
feasible blue print for action, within the 
university structure. 

The central premise is that university 
reforms cannot be imposed and have to 
come from within. The turbulence of the 
last two decades forced upon those who 
manage industry, government or any other 
organization the realizations: (i) that an 
organization is as efficient as the human 
beings that it has; (ii) these human beings 
need to be constantly motivated. 
Ideologies, rhetoric and espirit de corps 
no longer substitute ‘hard’ incentives, (iii) 
It is crucial that the ‘incentive’ be per¬ 
ceived as such by the individual for whom 


it is meant, (iv) No efficient organization 
can be run with fuzzy, contradictory and 
poorly communicated goals. What is being 
done, why and with what results must 
be clearly communicated both inside the 
organization and outside. Thus, reforms 
in the university can come only when a 
strong, realistic and credible incentive 
package (by incentives we do not just 
refer to pay-scales) is in place and when 
university goals are clearly articulated. 
There are fundamentally three players in 
the university system: the students, the 
faculty and the university administrators. 
We endeavour to identify, here, what 
‘incentives’ each group actually identifies 
itself with and what goals each group 
visualizes for the university 3 . To be effe¬ 
ctive, it is necessary to systematically 
pare away platitudes and cliches thinly 
veiled as idealism filling the university 
charters and substituting for proper peer 
pressure in university life. We are there¬ 
fore grateful to innumerable students, 
teachers and administrators for candid 
views regarding what touches them most, 
and what they, as individuals, ‘really’ 
want. We trust that this is not translated 
here into an unseemingly gross portrayal 
of the functions and the functionaries of 
the universities. It is a sign of our times 
that governments and peoples across the 
world have had to make their peace with 
pragmatism. Why not the University? 


The students 

The students are clear on all issues. 
Whether we agree with their perceptions 
or not is a different matter. They have 
come in after their B Sc. It is clear to 
them that what lies ahead of them after 
their M Sc is a big question mark! They 
believe that they are the consumers of 
the university, with the difference that 
they have no rights. They believe that 
the degree should be a value-added 
product and they realize that it is not. 
Research is not the highest on their 
agenda. Most prefer some professional 
training. None get it. 

Some amazing views come out of inten¬ 
sive personal discussions. The students 
seem to perceive the teachers as a com¬ 
munity, ... the professional scientist, the 
social climber, the socialist, the admini- 
sterial ham,... as those to whom teaching 
is merely a front to cater to a variety of 
other activities where the returns are better. 
The student does not think much of a 
teacher, as worth emulating. It is not that 
they do not understand and appreciate the 
occasional authenticity and teaching from 
first-hand experience by a committed 
teacher. But it is non-essential. The students 
prefer those who teach them something 
regularly and not expect them to work too 
hard. By and large, they prefer the teachers 
who are generous about giving marks. 
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We have had students (who would not 
have qualified for an M Sc) return from 
abroad and tell us that we should really 
change and that the teaching in this 
country is shallow and we must find 
ways to be better focused and more cur¬ 
rent. The truly amazing aspect of Western 
science is not how the brilliant perform. 
What is amazing is that how the ordinary 
students do much better there. Their sys¬ 
tem cares. Therefore it caters. 

There is some fascination about what 
the competitive science can offer to the 
student. The students are not willing to 
pay any price for it. They believe that 
the teachers’ job is primarily to teach 
them, with least hassles. They have no 
fascination to have a self-willed Laureate 
as far as their teaching goes. There is 
no need for high brows at all. They 
prefer that their places of education have 
good recognition, not for academic 
productivity but for academic perfor¬ 
mance. They rightly recognize the IITs 
for their address. They frankly do not 
understand why this working model of 
academic average for the faculty and 
academic excellence for students cannot 
be emulated elsewhere. The students are 
very clear that they want all that com¬ 
petitive science can offer but they do not 
want the high rate of elimination that 
goes with it. This is not the argument 
of the weaker, but it is the argument of 
the better among the students . Once they 
are clear that there are greener pastures 
ahead by way of a research fellowship 
or even going abroad, nothing should 
come in the way of spoiling it. This is 
the essence of the IIT Mantra, get grades! 
Most important aspect here is that good 
and bad students are not in conflict, once 
they are in. The pay-offs are identical. 
The students do however want all that 
goes with ‘professional’ grant-winning 
science... state-of-the-art facilities, skills 
and opportunities... but without any 
price tags. Over 80% of students feel 
that at the end of it all the University 
should add value to them vis-a-vis their 
earning capacity. For the academically 
inclined, they want it to be a good address. 

Parents agree. The views of the two 
generations are in total consonance. There 
is no generation gap in this country on 
the educational scene. 

The teachers 

The university teachers consider that their 


primary job is to teach 4 . The teachers 
sense the lack of progress and most of 
all resent the fact that they have little 
say in the control of any of the jobs 
they are supposed to do. University has 
a series of Boards, senates and syllabus 
committees, all of which are partisan and 
non-participatory and non-evolving. In the 
absence of having a say, the accountability 
also vanishes. This is not something that 
the teacher cherishes. Yet a remedy is 
not forthcoming or any remedy will be 
far removed from the reality as he/she 
perceives it. 

There is hardly a teacher who thinks 
that he/she is not fit to teach nor to do 
research. Some do make claims that their 
interest, not their capability, may not 
match. Each teacher prefers a ceiling for 
the standard of education commensurate 
with his/her academic level or less and 
not more. 90-95% teachers prefer a job 
of teaching and less than 10% are also 
professional researchers. The bulk of the 
teachers consider the researchers with 
grants etc. as those who are cutting short 
their own teaching commitments 5 . 
Programmes like DSA, COSIST are wel¬ 
come but there is neither accountability 
for the funds received nor a recognition 
for the research that made this possible. 
There is however a fierce loyalty for the 
material acquisitions that these program¬ 
mes bring. 

Teachers have no animosity towards 
researchers. Many have had only a partial 
brush with research during doctoral and 
postdoctoral phases and research is clearly 
an avocation of their youth, or even a 
youthful folly. Creation of knowledge is 
not an integral component of their per¬ 
ceived academic life. The faculty see 
themselves and the University as a 
‘resource base’, with no particular com¬ 
mitment to the students other than teach¬ 
ing. 8-10% of the faculty consists of 
professional scientists whose primary 
commitment is personal research. These 
are perceived to be as those that may 
neither be good teachers nor may they 
be very caring, by the rest of the com¬ 
munity. 90% of the faculty is pre¬ 
dominantly a ‘teaching faculty’ who. 
perceive that grant winning and personal 
research eat into teaching which should 
be the basic activity of the university. 
The economic future of the students is 
not considered relevant to the job since 
their view is clearly that of a liberal 
science education. 


The administrators 

The administrator has a number of images 
for the university blissfully unmindful of 
the internal contradictions. Consider these 
opposing views: a sanctum of deeply 
thoughtful academicians highly indivi¬ 
dualistic and highly productive and 
respected for their contributions vis-a-vis 
a beehive of professional scientists air¬ 
port-hopping and grant-grabbing with the 
slick decor of opulent laboratories and 
advanced centres for nearly every syllable 
in a subject; a well-oiled corporate 
machine catering to the business of higher 
education with smooth contours of infor¬ 
mation and action flow geared for cata¬ 
lysing the economic uplift in the free 
market society vis-a-vis a relevant, rural- 
based, non-profit, socially conscious, 
utopian and Gandhi an instrument geared 
for social change. 

At a more pragmatic level, the admini¬ 
strator sees the vast job of just holding 
together a large structure to deliver, in 
some coherent manner, degrees and assor¬ 
ted instruments for youngsters in a society 
as a palpable unquestionable need. There 
is a hunger for financial independence 
without the faintest clue how to achieve 
it. Earning is an anathema since it curtails 
freedom. Charity, donations and endow¬ 
ments are better. Government grants come 
under the same category since they are 
without scrutiny. There is an eye on the 
corporate money but no stomach for the 
grind that goes with it. The economic 
well being of the students is not of 
concern since education is a sellers’ 
market 6 . 

Thus the University administrators 
would overnight like to see the University 
in many garbs: As a well-oiled corporate 
structure, a sanctum for distinguished ind¬ 
ividuals, an economically aggressive 
partner for industry, a prestigious recipient 
of valuable charity, etc. The University 
wants both the dedicated teacher and the 
professional scientist but is not willing 
to bear the cost associated with the benefit 
of each. The University, like the students, 
wants the fruits of grant-winning research 
but is unwilling to tackle the change in 
‘mind-set’ of administration, finance and 
infrastructure required of a research-driven 
University. 

The punch line 

The sum total of all these is that any 
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structure which is self-seeking resists 
change. This is true for all educational 
structures in India and abroad. University 
lives, as they are, are comfortable and 
the boat should not be rocked. The only 
acceptable pitch would be even greater 
comfort. Higher salaries for teachers; 
lower tuition fees or to be allowed to 
keep terms indefinitely, for students; 
larger government grants with institu¬ 
tional overheads, for administrators , are 
sweet thoughts to be encouraged. This is 
not an Indian syndrome. It is true the 
world over. 

The sensible starting point is, therefore, 
to identify the dividends for each of the 
players and evaluate the minimum require¬ 
ments and assiduously work out a system 
that ensures dividends without rocking 
the boat. If it has elements of mass 
appeal, it is even better since it addresses 
itself to a task that gathers momentum 
by public appeal. Universities cannot exist 
without public appeal. Public appeal 
begins at home. 

What do parents want of their 
children? Mind-set at home 

The parents all over primarily want their 
children to be comfortable and financially 
independent as soon as possible 7 . The 
education level also has a strong social 
dimension. The gender factor is a major 
determinant in the enrolment to courses 
to the extent that the sex ratios are vir¬ 
tually deterministic, boys in quantitative 
courses and girls in biology and related 
disciplines 8 . A professional course caters 
largest to this class of demands. However, 
since these have a lot of competition, 
and since the school marks more or less 
determine the trends, most do not opt 
for them. Those who just missed them 
would opt for more avant-garde courses 
as outlined earlier 9 . The mind-set is how¬ 
ever for a professional course. 

There is one good reason for wanting 
to be in a professional course. The goals 
are clear and daily reinforced. There is 
not much ambiguity in ones mind in what 
to do, being a doctor or an engineer or 
a lawyer. Professional courses restrict 
choices while enhancing opportunities . 
Future is clear. Liberal education enhan¬ 
ces choices but restricts opportunities. 
Future is confounding . It is really pathetic 
to see youngsters meandering through 
liberal education without finding any 
roots. IITs offer exactly this in the right 


combination of a sense of belonging and 
clarity of careers. There is no reason why 
other places also cannot offer this by 
careful planning. However, it is too late 
to catch students after B Sc. It generally 
takes the age group of 16-21 years if 
we consider schooling them into a pattern 
of living and sharing values. Professional 
courses, including services, consider this 
the right age for recruitment based on 
rather sound psycho-social evaluation. 

It is clear that a large percentage of 
students and parents are discontent with 
University education that does not in¬ 
tegrate a notion of value addition for the 
student. A serious and immediate question 
facing a contemporary University (and 
others across the globe) prone to intro¬ 
spection is: How does one avoid degene¬ 
rating to a vendor of educational services 
on the one hand or being totally imper¬ 
vious to the aspirations of the students 
on the other? We have to examine how 
valid some of the mind-sets are. 

Teachers: A major source of 
mind-sets 

As soon as the teacher is asked the 
question on what to do with education, 
the responses are virtually Pavlovian: 
improve the examination system. The ex¬ 
aminations refer both to entrance and 
degree awarding. The question for 
knowledge base immediately calls for a 
syllabus revision. If you are insistent a 
little more, then start new courses and 
even degrees. Standard formulae abound. 
These include courses strangely called 
honours courses, one year post-M Sc, one 
year post-B Sc and so on. The same 
people will offer different courses. M Phil 
represents the ultimate (rot) in the educa¬ 
tional system. The least important ques¬ 
tion in a University system is who teaches 
what. 

Consider the situation wherein the same 
teachers also teach at the undergraduate 
level. They can more readily impart a 
higher level training than at the Bachelor 
level. But they will not like it unless it 
comes in a more attractive garb. It will 
take time to sink in the idea that we 
need not teach the students and they can 
increasingly learn on their own. This can 
be done only when we identify various 
skills in science education, segregate them 
and arrange for a nearly professional way 
of handling them. If we finish Masters 
level teaching at B Sc level itself largely, 


then the students can spend their Masters 
time learning skills or doing projects and 
research. 

The teachers will have several existen¬ 
tial concerns. Foremost is the problem 
that the government will have different 
norms for undergraduate and postgraduate 
teaching in terms of work load require¬ 
ments. Therefore it is necessary to retain 
the M Sc title for the degree at any cost. 
Will the teacher be burdened with a lot 
of extra teaching in any innovation? In 
a practical-oriented course of a profes¬ 
sional kind, it is the tasks and not the 
hours alone that matter. However, a 
relevant change in statutes and careful 
planning that efficient teaching and not 
excessive nor suboptimal teaching will 
take care of these problems, an area in 
which the university teachers are quite 
knowledgeable. Above all, the teachers 
require manpower to initiate academic 
programmes. The mind-set that there is 
something called personal research as 
opposed to departmental work needs dras¬ 
tic revision. The best revision is to force 
a situation wherein the teachers have to 
take care of some research/project, not 
for a month or two but for an year or 
two of every M Sc student. 

The doctrine of growth: The 
powerful mind-set 

The next kind of mind-set has to do with 
compulsion for growth. This is something 
we must now seriously reconsider in the 
face of some facts: one fact that pumping 
money into research has not brought in 
its wake adequate returns. Secondly, most 
departments use equipment for decorative 
purposes and actual work is small 10 . 
Thirdly, space is a measure of power and 
not utility and comes under the category, 
conspicuous consumption. In the coming 
days of stringency, we must examine this 
mind-set the most. However, any one 
who argues for limited growth will be 
identified with non-progressive forces 
ever so present on the campus and there¬ 
fore planned growth is politically more 
acceptable than limited growth. 

Developments are possible and even 
desirable at the university. It is possible 
to identify what each department can do. 
So we have programmes of tissue culture 
and reforestation for any botany depart¬ 
ment,' industrial waste treatment and 
sewage in any departments of microbio¬ 
logy, confocal microscopy and imaging 
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in any department of zoology and more 
computers and protein sequencing, clon¬ 
ing and bioinformatics in any biotechnol¬ 
ogy department. Typical projections can 
be up to Rs 3-4 crores for each depart¬ 
ment, if asked. Typically any worthwhile 
department projects about 25% increase 
in faculty, 80% in built-up area, 40% in 
supporting staff, 500-8000% increase in 
funds when asked for a 5-10 year projec¬ 
tion. It is worth asking what the depart¬ 
ments have as the major lacunae, material 
and attitudinal : 1. No supporting staff; 
2. Low support from administration; 3. 
Inadequate faculty to share the burden; 
4. Notional collaborations and no sub¬ 
stantive interactions; 5. Departments per¬ 
ceive such expansions as threats and not 
help; 6. Often floated question: are these 
to be developed at the cost of actual teach¬ 
ing?; 7. Where are the research scholars/ 
or the relevant quality work force? 

What can these departments do given 
all this money? Who will do the jobs 
that the development entails? Any 
development requires manpower. M Sc 
students doing projects (provided they are 
long enough) and those who just finished 
Ph D waiting to take off and planning to 
settle down offer the best bets, provided 
there are programmes to absorb them and 
put them to work. 

Do we need an M Sc? Another 
mind-set 

In UK, debates flourish whether schools 
are getting too specialized and Whether 
there should be more of specialization 
only at B Sc. We ask the same question 
at M Sc and M Phil levels. In the West, 
M Sc has never been a major force, re¬ 
quired for Ph D. M Sc in this country is 
a sop to regularize an awful B Sc. M Sc 
and MPhil help postponement of the 
entry of the students into the potential 
job market and permit deferring the issue 
of career decision. 

What do students feel about M Sc 
programme? They feel they can finish a 
great deal of the topics at B Sc level 
itself. Faculty generally agree at least in 
private. 

The question of a research 
University 11 : The other mind-set 

The world bank study published in 1994 
slams the western model of higher educa¬ 
tion as being inefficient, relying too 


heavily on government funding and in¬ 
appropriate for developing countries. This 
realization has cost the world bank US 
$ 5.1 billion! In developed countries, 
students and parents are expressing dis¬ 
content with the quality of teaching in 
research-driven universities. Governments 
both in the developed and developing 
countries would like to know just how 
much of the wealth generated can be 
genuinely sourced to the universities. 

The writing is on the wall: we live in 
lean times and those who would spend 
public funds must be more reflective in 
their proposals and follow the dictates of 
circumstance or conscience and not ‘as 
an exercise in subsidised self-indulgence’. 

The main danger in being pragmatic 
is that we lose track of larger goals. It 
is worth reiterating some larger truths. 
The university must realize that while 
every model of a university has its costs 
and benefits, the university of the future 
must choose its model, communicate it 
effectively and integrate it into its recruit¬ 
ment policies, administration, etc. A 
university that identifies the student as a 
paying consumer to whom it must add 
economic value at a reasonable cost is 
fundamentally different from one that is 
inquiry driven. The academic goals, 
course content, faculty it attracts, students 
it attracts, work-ethic and criteria by 
which it would like itself to be evaluated 
are all different. Similarly universities that 
depend on charity, tax-payers’ money or 
choose to earn their own income are 
targeting very different audiences and 
must project very different images. One 
way to enhance simultaneously different 
possibilities and goals is to have a multi¬ 
tiered programme, where students have 
considerable scope in developing their 
own combinations in courses and skills. 

Can these objectives be 
translated into a functional 
programme? 

In a professional course, no course teaches 
a subject. It teaches how to use a subject! 
That is mastering it! Otherwise we have 
bachelors who are divorced(!) from the 
subject as of now. 

So let us not teach biochemistry (to 
stretch a point): Instead, let us teach 

... how to assemble a spectrophoto¬ 
meter; 

... how to do an assay; 

... costing of an assay; 


. .. normal limits to values; 

... quality control of reagents, and 
... how to write an expensive-looking 
report. 

Let us not teach algae; let us 
... grow them; 

... cost the culturing of them, and 
. .. come up with a pilot plant. 

Skills in science, research, professional 
courses and industry have a 90% overlap. 
There are only two operative questions: 
Do you understand? Can you do it? A 
professional course recognizes none other. 
Traditionally science teachers are sup¬ 
posed to help young minds regarding the 
excitement of science and the wonders 
of it. All kinds of scientists give affidavits 
of personal motivation and perceptions 
of the beauty of science since childhood 
and what made them choose a scientific 
career. There is a strong streak of evan¬ 
gelism in all this. The professional 
teachers merely concentrate in getting the 
students to do a job, better with time. 
Science too needs to be done and better 
with time. Should we view science as an 
independent activity or another aspect of 
professional training? How do we run 
such a programme? Let us consider an 
example of a graded learning experience 
in three courses: 

1. A basic lab course in biochemistry 
using a range of biomedical equipment 
available as core modules ready for user 
defined self-assembly. Objective: means 
of measurement are transparent and not 
locked up in black boxes. 

2. The next level would involve an entire 
exercise in fermentation. A micropro¬ 
cessor-based fermentor (2-5 1) is built up 
from modules and inexpensive glassware. 
The final exercise in fermentation will 
include on-line monitoring of growth, pH 
nutrients, oxygen, carbon dioxide, etc. 
Objectives: the exercise in building up 
such a system from simple modules would 
constantly reinforce the basic skills while 
providing a tangible (thus motivational) 
goal for the end of the course. The 
content would be rich in that it would 
impart very fundamental principles from 
a number of disciplines allowing one to 
transport the word multi-disciplinary from 
a popular cliche to a real-life working 
situation. 

3. The final course would be the clinical 
laboratory. A large number of diagnostics 
would be devised, using and establishing 
good laboratory practice (GLP), quality 
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control (QC), etc. Objectives : This 
would ... (i) further reinforce the prin¬ 
ciples of enzymology, immunology, 
microbiology, etc. taught earlier, (ii) im¬ 
part real-life skills helping the student in 
finding a job, (iii) exemplify the use of 
statistical methodology in real-life situa¬ 
tions in QC and GLP, (iv) inculcate 
formal documentation skills. 

Students all too often associate 
documentation with ‘blinding, numbing, 
crushing bureaucracy’. The course would 
vividly illustrate that without conforming 
to standard operating procedures, docu¬ 
mentation and myriad reports, successful 
biotechnology is not possible. 

Biotechnology: An illustration of 
the jump between science and 
technology in skills 

Take the example of biotechnology. 
Biotechnology is small scale in terms of 
volumes and very labour-intensive, 
requiring an extremely skilled work force. 
Basic skills in use of sophisticated instru¬ 
mentation and techniques are thus central 
to the economics of biotechnology. Lack 
of rigorously trained manpower with hands- 
on experience can destroy a programme as 
effectively as lack of material resources. 
These basic skills are essentially the same 
for a career in industry or in the basic 
sciences. Can we take a lesson from there 
and overcome the mind-set that science and 
industry are different? Can biological scien¬ 
ces or life sciences then bridge this gap 
between the intellectual frontiers of pure 
science and the transmission of specific 
skills for the job market 12 ? 

There is a broad consensus in the bio- 
pharmaceutical industry that what is lack¬ 
ing is the discipline required of 
drug/pharmaceutical development. Good 
lab practice, good clinical practice and 
good manufacturing practice leave resear¬ 
chers cold. Two points are very clear: in 
biotechnology; business in the absence 
of scientific rigor is bound to fail. There 
is, thus, a very definitive market for 
biotechnology education that integrates 
scientific rigor into the curriculum. 
Secondly, it is equally becoming clear 
that the principles embodied in GLP, QC, 
use of rigorously defined ‘go’ or ‘no go’ 
points and formal documentation con¬ 
tribute significantly to both a successful 
research career and successful biotechno¬ 
logy. These are things not yet dreamt in 
biotechnology teaching. There is consid¬ 


erable argument for an MBA in biotechno¬ 
logy. Why are we structuring courses that 
reduce opportunities instead of enhancing 
them? Biotechnology, or life sciences in 
general, form but an aspect of manage¬ 
ment 13 . 

What then do basic science 
programmes like the current 
M Sc lack? 

The nub is in that researchers as students 
must perceive the need for documentation, 
for QC, for standard operating procedures. 
The whole range of skills that the student 
needs after joining the work place should 
become a part of early education. In 
Japan, QC is taught starting from middle 
school. The prevailing mode is that we 
teach the same stuff at varying dilutions 
from school to doctoral levels. In fact, 
if students can absorb much at an earlier 
age, there is not much for them to do 
at Masters’ stage. They are then free to 
do things. Projects, development, even 
educational activities ..., all these form 
part of their curriculum. 

Thus, it is clear that all basic science 
departments in a typical university can 
get together: physics, chemistry, mathe¬ 
matics, statistics, biotechnology, zoology, 
botany, microbiology and so on. Basically 


the university runs two streams: the physi¬ 
cal sciences programme and the life scien¬ 
ces programme. These between themselves 
have 30-40% overlap. No course is in 
isolation and should overlap functionally 
with at least 4-5 other courses. No course 
should be without skills. Textbook-based 
courses themselves should not be more 
than 30% of the overall structure in the 
5-year programme. Practicals, skills, 
projects, most importantly report writing 
(not copying journals but documentation 
in the professional sense with all the 
other skills like draughtsmanship, com¬ 
puter graphics, photography and so on 
and plain typing and spread sheet manage¬ 
ment) will become part of the programme. 
The last 1.5-2 years will be spent in 
actual projects, research or developmental. 
If some 20-30% is made elective 
(optional) with some 1-10% overlap with 
humanities (English and other languages, 
management, economics, sociology, etc.), 
it would achieve wonders in making the 
student look for more options. Environ¬ 
mental sciences, hygiene, etc. become 
part of the general development rather 
than specialized isolated pockets and will 
truly reflect the interdisciplinary concerns. 

All this can come only from a profes¬ 
sionally driven basic science programme. 
An integrated 5-year M Sc is envisaged 
as such a programme (Tables 1 and 2). 


Table 1. A suggested outline for a 5-year integrated professional 
M Sc programme in sciences 


Year 

Teaching 

Project 

Others 

1st 

' Course work 

Nil 

Summer work 

2nd 

Course work 

Nil 

Summer work 

3rd 

Course work 

Nil 

Industrial training 

4th 

Advanced courses 

Research/project 

Summer training 

5th 

Nil 

Research/project 



Table 2. A 5-year integrated professional M Sc programme in sciences: suggested 
style for structuring of contents. A similar style can be developed for physical 

sciences also 


Course work 

Theory 

Theory, documentation, computation 


Practical 

Manual/documentation 

Skills 

Practical 

Photography, video, science art, instrumentation 


Project 

Manual/documentation 

Services 

Teaching 

Herbaria, greenhouse, jr. labs, data entry, tutorials, 
library, manual preparations 


Departmental 

Data analyses, quality control of reagents 

Maintenance 

Teaching 

Labs, library, etc. 


Departmental 

2 h per student per a working week maximum 

Research/project 

Departmental 

Last 1.5 years 
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It breaks several mind-sets and yet is 
doable collectively even as of now. Dif¬ 
ferent universities will have different 
capabilities at different levels. Given 
importance to a final unification of 
postgraduate teaching, the focus will 
gradually begin in a small number of 
universities and the message will spread 
if successful. The very fact that these are 
integrated degrees will identify the degree 
holders. The postgraduate teachers can 
opt for their real love, teaching or research 
since conventional departments now be¬ 
come graduate schools. Regrouping of 
resources will conserve funds and enhance 
utilization. A five-year course will be 
found a favourite among parents too. 

The real success of a teaching 
programme is when the student can make 
a conscious decision of what interests 
him and pursues it out of his own free 
will and not due to peer pressure. A 
science programme of 5 years multi-tiered 
and with multiple options can do just 
that. If it permits crossing between qualita¬ 
tive and quantitative sciences as well, we 
will really have something. The best sales¬ 
man is one who offers whatever the 
customer needs. Some of our student 
customers will take to education, research 
and academics much due to their own 
liking. They will be smaller in numbers 
but will matter more and achieve 

14 

more . 


1. As Conan Doyle remarked, when you have 
eliminated the impossible, what remains, 
however improbable, must be the truth. 

2. Sitaramam, V., Curr. Sci., 1995, 68, 89-94. 

3. The university fosters each of these per¬ 
ceptions in certain ways individually while 
it is collectively a disaster. A change that 
threatens individual spin-offs of any of the 
three players is doomed, as is well docu¬ 
mented even in the West. 

4. Less than 5% faculty have an idea that 
creation of knowledge is also the primary 
statutory requirement of a university such 
as the Pune University. 

5. The often used phrase in faculty debates 
is the word ‘personal (overlapping with 
the terms isolated, individual, unshared, 
selfish) research’ as opposed to departmen¬ 
tal work. 

6. When one speaks of paying propositions 
for degrees, one is banking on this aspect 
of the market since degrees and jobs are 
irrevocably linked, both representing the 
social need of employment guarantee 
schemes than any tailoring for mutual 
benefit. 

7. The modem child psychologist is probably 
the strongest ally for the non-performing 
child and the indolent parent. There is a 
strong cultural objection to having an in¬ 
feriority complex and not for being inferior. 
There is an urgent need to evaluate the 
impact of writings in Sunday editions and 
Reader’s Digest that the parents read more 
than the impact of the idiot box that the 
child watches. 


8. In Pune we hear of bai-technology, bai-logy, 
microbai-logy, bai-chemistry, and good 
heavens, even bai-tony. 

9. Sitaramam, V., Curr. Sci., 1995, 69, 779- 
782. 

10. The most obvious examples are the electron 
microscopes. 

11. Is the research university in the United 
States dead, or dying, or under threat of 
extinction? And, on the assumption that 
there is something to salvage from what 
will otherwise be rubble, what can be done 
to revitalize the university? (John Maddox, 
in Nature, July 1994). 

12. Money for biotechnology has all but dried 
up. There is a pervasive pessimism about 
the industry: A feeling that nothing works 
and none of these companies can be 
trusted...‘Are they [Biotech companies] 
arrogant, naive, and more than a little 
greedy, abandoning anything resembling 
scientific rigor and making outlandish 
promises’ (Bio/Technology, October 1994). 

13. Biotechnology management can be a 
specialization in a broad management 
course for a biology graduate and not the 
sole subject matter for a broad degree for 
a management trainee whose job oppor¬ 
tunities may be elsewhere! 

14. This paper is based on a presentation by 
V.S. to the faculty of Pune University on 
what can be done for the future of education 
in life sciences at the University. 


V. Sitaramam and Zuben E. Sauna are 
in the Department of Biotechnology, 
University of Pune, Pune 411007, India. 


RESEARCH NEWS 

Core-satellite hypothesis and the distribution of species: Why are 
species not found everywhere? 


K. N. Ganeshaiah 

How much we all wished that there was 
some matter left behind between the earth 
and the moon so as to form a bridge for 
us to take a moon-walk!! But we are 
told that the rules of gravity would not 
allow such bridges in our solar system 
and that such matter, if any, would have 
condensed into either the core-planets or 
into their satellites with nothing left be¬ 
hind between them. Unless one grapples 
with the meaning of gravity and the 
associated physical laws, it is rather dif¬ 
ficult to comprehend how such loose 
matter could condense either into core 


planets or to satellites. An equally in¬ 
triguing explanation termed ‘core¬ 
satellite’ hypothesis has been put forth 1-4 
by the ecologists to account for a peculiar 
behaviour of the species while occupying 
their habitats. 

Law of frequencies 

Consider a habitat wherein a number of 
quadrats are laid and the occurrence of 
all the species in them recorded. Let us 
say we are interested in knowing how 
many species occur in only 20% of the 


^uadrats (A), in 20 to 40% (B), in 40 
to 60% (C), in 60 to 80% (D) and in 
80 to 100% of the quadrats. As early as 
1918 Raunkiaer 5 observed that generally 
the frequency distribution of species with 
these categories would be bimodal such 
that A>B>c|D<E. This is because 
every habitat shall have a set of dominant 
or the core species and a set of rare or 
satellite species; while the most abundant 
or the core species of the habitat occur 
in most of the quadrats (E), the rare 
species occur in a very small proportion 
of the quadrats (A). Accordingly, the 
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frequency of species with varying levels 
of the occupancy of the quadrats can be 
expected to follow a bimodal distribution 
(Figure 1). Based on this explanation, 
Raunkiaer proposed ‘Law of Frequencies’. 

This explanation 6 and thence the law 
proposed however, has been highly 
criticized 7,8 because the shapes and the 
modes of the distribution curve are highly 
susceptible to several factors such as the 
number of quadrats sampled. Neverthe¬ 
less, the law has resisted ‘multiple exe¬ 
cutions’ and Hanski and his colleagues 1-4 
have recently shown that such bi modality 
of species could occur even for a single 
species in its habitats!! Their argument, 
called core-satellite hypothesis, implies 
that species exhibit a dichotomy in occu¬ 
pying their habitats due to the stochastic 
processes of colonization and extinction. 

Why are some habitats not 
occupied? 

Animal ecologists have frequently noticed 
that in some areas, habitats suitable for 
a given species are not always occupied 
and, in fact, occasionally most of the 
patches are found to lie vacant despite 
their suitability for the species as if the 
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Figure 1. Bimodal distribution of the 
species that occupy different proportion of 
the quadrats in a habitat (hypothetical 
data). The species of the category A are 
rare in the habitat and hence occur only 
in a small proportion of the quadrats 
sampled while those of E category are 
dominant (and also abundant) in the 
habitat and hence occur in almost all the 
quadrats. Hanski et a/. 1 argue that such 
bimodal distribution would also occur for 
individual species in meta-populations such 
that the populations of the species are 
either in most or in few habitat patches 
(see text). 


species has become locally threatened. In 
contrast to this, in certain other areas, 
the same species might be widely and 
abundantly distributed in its suitable habi¬ 
tats. Are there any phenomena that are 
basic to the behaviour of the populations 
driving such non-occupancy in some areas 
and otherwise in others? Or do these 
observations merely reflect the shrinkage 
of the habitats in some unidentified 
dimensions? Such questions are the focal 
issues among the community ecologists 
because the biological processes underly¬ 
ing these observations could be central 
to identify the factors driving the extinc¬ 
tion of species. Recent work, both theo¬ 
retical and empirical 1-4,8,9 , has shown that 
the unpredictability in the occupancy of 
the habitats could, in fact, be a normal 
behaviour of the structured populations. 

Let us imagine a village with 100 dogs 
of which a proportion p is infested with 
ticks. Since all the 100 dogs are likely 
to physically interact among themselves, 
it is easy to imagine that the ticks from 
the infested dogs would move on to the 
healthy, tick-free dogs and colonize them. 
Clearly, the rate at which the healthy 
dogs get colonized increases with p be¬ 
cause the more the dogs harbouring ticks, 
the more likely that the healthy dogs 
come in contact with them and receive 
the ticks. This further increases p and 
such process in which colonization brings 
about further colonization, pushes the sys¬ 
tem towards an equilibrium state where 
all the dogs are infested with the ticks 
(/>'*!)• • 

However, at the same time, it is also 
likely that ticks might become extinct on 
some of the dogs probably due to parasites 
or pathogens of the ticks or due to any 
such pressures. Qualitatively speaking, if 
the rate of extinction of ticks on the 
colonized dogs exceeds the rate at which 
the new dogs get colonized, increasingly 
more dogs become tick free; in the long 
run, most or all dogs would be free from 
the ticks such that p*0. On the other 
hand, if the rate of colonization greatly 
exceeds that of extinction, the system 
moves to p~ 1 where most or all the 
dogs harbour ticks. Thus depending upon 
the levels of extinction, the system would 
be either at p * 0 or at /?- 1. 

Further, Hanski 4 observed that under 
such situations, as more and more dogs 
get colonized (occupied), the probability 
that extinction occurs on any one infested 
dog decreases. In other words, the prob¬ 


ability of local extinction decreases with 
the spread of the ticks. This facilitates 
spread of the ticks in almost an irre¬ 
versible way such that at any given time 
the dog population would be generally 
completely infested (p~ 1); if the coloniza¬ 
tion has not begun at all in a population 
then p~ 0. 

Now let us consider 100 such villages 
or ‘meta-populations’ of dogs that are 
spatially isolated such that the dogs of 
one village are not likely to pass on or 
receive ticks from those of the other 
villages. Dogs in each of these villages 
are subjected to the phenomenon as above 
and hence each of these can be expected 
to be in one of the two states of the 
trivial equilibrium. While in some villages 
all or most dogs are infested, in others 
none or a very few are; resulting in 
bimodal distribution of the villages with 
varying levels of tick-infested dogs. In 
the villages where most dogs are tick-free, 
it does not mean that the dogs are not 
suitable habitats for ticks; rather it just 
happens that in these villages the local 
rate of extinction of ticks is high enough 
to overtake the rate of colonization. Thus, 
the non-occupancy of the habitats (and 
hence local extinction) is merely a con¬ 
sequence of the way in which the 
colonization and extinction interact 
stochastically in the structured populations 
of the dogs. 

Another prediction can also be derived 
from the foregoing. As stated earlier, the 
probability that a given empty patch gets 
colonized increases with p and the prob¬ 
ability that extinction occurs in a colo¬ 
nized patch decreases with p. Thus for 
relatively high levels of colonization, the 
system is likely to move to p « 1, while 
for low levels of colonization it would 
be at p~ 0. In other words, when p is 
plotted against the rates of colonization, 
it stays at the lower range of the spectrum 
for low values of colonization and then 
shows a sudden transition to the higher 
spectrum for high levels of colonization 
(Figure 2). 

Testing the predictions 

Several workers have arrived at these 
conclusions 1-4,9,10 using rigorous mathe¬ 
matical formulations. But validating them 
requires collection of data on a massive 
scale and on the right kind of the systems 
that would conform to the assumptions 
underlying these arguments. In a set of 
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Figure 2. The relation between per cent 
patches (p) occupied by a species with 
the colonization rate. 

recent papers Hanski and his co-workers 1,3 
offer such data for testing their predictions 
for the behaviour of a single species. 
Their work involved mapping an area of 
3500 km 2 at south west Finland for all 
the dry meadows containing Plantago 
lanceolata where the larval populations 
of the butterfly Melitaea cinxa could 
occur; they censused these patches for 
the occurrence of the groups of larvae 
of the butterfly. They thus recorded 1530 
meadows ranging from 12 m 2 to over 
seven hectares that could serve as the 
habitat patches for the butterfly of which 
only 524 patches were occupied during 
1993. They tracked the fate of each 
meadow through 1994 and observed that 
while in 256 of these 524 patches the 
butterfly populations became extinct, 119 
fresh habitats were occupied (colonized); 
as a result, during 1994, only 401 habitats 
were found occupied. 

Because they had completely mapped 
the area, it was possible to identify about 
65 meta-populations or ‘villages’ that are 
isolated from each other by at least 1.5 
km. Given the distance to which but¬ 
terflies can fly and, or migrate in a 
generation (< 1 km), these meta-popula¬ 
tions were very isolated and had a very 
low probability of interacting among 
themselves for colonization of their 
habitats. However, unlike in our imaginary 


example where every ‘village’ (meta¬ 
population) had 100 tick-habitable dogs 
(habitat patches), these meta-populations 
had varying number (5 to 95) of habitat 
patches for butterfly. For each of these 
meta-populations, they computed the 
proportion of the patches that were 
occupied ( p ) and plotted the frequency 
of ‘villages’ with different proportions. 
The data showed a clear bi modal dis¬ 
tribution. Based on the data for the whole 
area, one in every three (524 out of 1530; 
0.34) habitat patches is expected to be 
occupied with the butterfly larval popula¬ 
tions. Thus if the occupied patches are 
randomly distributed among the meta¬ 
populations, one would expect a mode 
at 0.34; on the contrary, there were two 
modes, one at the lower end of the 
spectrum (p « 0) and the other at higher 
end (p * 1), supporting the predictions 
about the dichotomy in the occupancy of 
habitats. 

The probability that a given habitat 
patch would receive the butterfly popula¬ 
tions from other patches, is a function 
of the number and size of the populated 
patches around it, and their distance to 
it. Accordingly, Hanski et al. computed 
an index of migration for each meta¬ 
population based on the available popula¬ 
tion around each of the habitat in it and 
this served as an index of rate of coloniza¬ 
tion (m). They then plotted the p values 
of a meta-population against the rate of 
colonization ( m ) and found that for low 
levels of colonization, p was constant at 
almost 0, while for higher rates of 
colonization (beyond 1.5), p suddenly 
increases and stabilized at 1. The few 
meta-populations that occupied the inter¬ 
mediate zone, generally showed a ten¬ 
dency to move to one of the two stable 
states the next year probably suggesting 
their transient state. Thus the work by 
Hanski et al. did demonstrate the tendency 
of the structured populations to be either 
‘here’ (/? = 0) or ‘there’ (/?« 1) and rarely 
to be in between; thus species seem not 
to occur everywhere. The two extreme 
states seem to act as attractants just as 
the core planets and the satellites do for 
their matter. 


It has been a common observation that 
the populations of certain species crash 
down almost to a situation of threatened 
state for no immediately obvious reasons. 
One such observation is the recent wide¬ 
spread and rapid decline of butterflies in 
northern parts of Europe 11 . Though 
shrinkage of the available habitat could 
be offered as an immediate reason, work 
by Hanski et al. suggests that these fluc¬ 
tuations could in fact be a consequence 
of the normal behaviour of the populations 
and that it would be rather difficult and 
risky to make' the predictions about the 
occurrence of the species in fragmented 
habitats. 
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IRS-1C 


The Indian Remote Sensing Satellite, IRS-1C, was launched on 28 December 1995. We have pleasure 
in reproducing here four amongst the many magnificent photographs this satellite has taken. We hope 
to have a special section in a forthcoming issue, which will have many such photographs and articles 
describing how these photographs can be used. 

— Editors 


IRS-1C carries three payloads, viz. Panchromatic (PAN) Camera, Linear Imaging Self-Scanner (LISS)-III and Wide 
Field Sensor (WiFS). The images acquired by IRS-1C are used for various applications related to natural resources 
management in the areas of forestry, wasteland identification and reclamation, agricultural crop acreage and yield 
estimation, drought monitoring, mapping of flood-inundated areas and damage assessment, water resources development 
and management, marine resources survey, urban planning, mineral targetting, environmental impact assessment 
and so on. IRS-1C is a unique satellite in terms of payload combination, capabilities as well as application potentials 
and is considered as the best civilian remote sensing satellite, available in any part of the world, today. 



The Panchromatic camera (PAN) provides data in 0.5-0.75 p.m band with a resolution of 5.8 m and a swath of 70 km. The on 
board tape recorder enables the acquisition of data in any part of the world and the figure shows the image of south of Canberra. 
A payload-steering mechanism supports and rotates the PAN camera to a predetermined angle in the pitch-yaw plane with the 
maximum scan range being ±26°. This enables the camera to revisit a place after 5 days. Also, provides the capability to have 
stereo images. The high resolution along with stereo viewing capability makes PAN camera a unique payload and promises 
excellent application potential, especially for the generation of digital cartographic database with Digital Terrain Models leading to 
engineering solutions to complex problems involved in microlevel development. 
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The Wide Field Sensor (WiFS) operates in visible and near IR region with a spatial resolution of 188 m and a swath of 810 km. 
Because of the wide swath the camera can observe the same region once in every 5 days. The figure shows the WiFS image 
acquired soon after the launch covering South India and Sri Lanka. The red colour indicates vegetation and pure white patches 
are clouds. Reservoir and river courses are also seen. 
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Scanning electron microscopic detection of a specialized cuticular 
structure on the abdominal surface of the maggot of Blepharia 
zebina (Walk) (Diptera: Tachinidae), parasitizing the larvae of the 
muga silk moth, Antheraea assamensis 


Blepharia zebina (Walk) is a member of 
the dipteran family Tachinidae, whose 
larval stage (maggot) is a parasite on the 
larvae of the muga silk moth, Antheraea 
assamensis. It is well acknowledged that 
parasitic mode of life involves cuticular 
adaptations in terms of structural and 
histochemical features in insect and other 
arthropod parasites 1,2 . However, little in¬ 
formation is available on the specialization 
of the cuticle in endo-parasitic insect 
larvae, where it is concerned with absor¬ 
ption of food and resistance against secre¬ 
tion of an insect host. The resistance 
would necessitate structural modification 
of the cuticle surface, which is expected 
to be involved not only in protection 
against host enzymes but also in chemical 
sensing. Early as well as recent literature 
on insect cuticle reveals the importance 
of scanning electron microscopy in study¬ 
ing the cuticular surface and its associated 
structures. Scanning electron microscopy, 
because of its large depth of field and 
high resolving power, has been used 
extensively for detailed study of surface 
ultrastructure of cuticle involved in spe¬ 
cialized functions 3 " 5 . Here we report using 
scanning electron microscopy, the occur¬ 
rence of some specialized cuticular projec¬ 
tions on the anterior abdominal segments 
of the parasitic maggot of Blepharia 
zebina. The structural features of the 
projections are unusual in the sense that 
some of its characters are similar to those 
of cuticular spines, some to sensilla 
trichodea and some to sensilla basiconica, 
but with no complete similarity with any 
one of them. 

The specimens collected from the fifth 
instar larva of the silk moth, Antheraea 
assamensis were fixed in 2.5% glutaral- 
dehyde in 0.1 M sodium cacodylate 
buffer, pH 1.2-1 A, for 4 h at 4 Q C, washed 
in the same buffer overnight and post 
fixed in 1% osmium tetroxide for 1 h. 
The fixed samples were dehydrated through 
increasing concentrations of acetone and 
were dried with tetramethylsilane follow¬ 
ing the method of Dey et al . 6 . The dry 
samples were secured horizontally to brass 
stub (10 mm dia; 10 mm height) and were 


coated with gold in a JFC 1100 (Jeol) 
ion sputter coater. Observations were 
made with a JEOL JSM 35 CF scanning 
electron microscope operated at 15 kV. 

It was interesting to note that the 
parasitic maggot of Blepharia zebina 
(Walk) did not show any special structure 
or sensilla on their body surface, except 
the spine-like structures localized on a 
few anterior segments. The distinct sen¬ 
sory structures like sensilla trichodea, sen¬ 
silla coeloconica and sensilla campani- 
formia, reported in other parasitic dipteran 
larvae, e.g. the mousebot, the cattle grubs, 
etc. 7 , were lacking in Blepharia. The 
cuticular oral ridges on the cephalic seg¬ 
ments found in the free-living dipteran 
maggots were absent. These structures, 
however, were not found in other parasitic 
dipteran maggots also 7 . 

The spine-like structures present in the 
maggot of Blepharia differ in their dis¬ 
tribution pattern from cuticular spines of 
other parasitic dipteran larva. In Cutirebra 
fontinella the spines are localized on the 
anterior margin of each thoracic and abdo¬ 


minal segment, except the last two seg¬ 
ments of the abdomen 7 . In Hypoderma 
lineatum and Hypoderma bovis , the spines 
are distributed throughout the entire body 
with a slightly higher concentration at 
the anterior margin of the thoracic and 
abdominal segments 7 . In Blepharia on 
the other hand, the spine-like cuticular 
structures were localized only on the 
anterior abdominal surface, arranged in 
only 2-3 vertical rows (Figure 1). The 
structures were found to be stout and 
were tapering toward the tip. The length 
varies from 13 to 20 pm, the breadth at 
the base from 5.8 to 9.4 pm and that at 
the tip from 1.7 to 2.3 pm. The surface 
feature of the cuticular structure was uni¬ 
que in that, it was found to be striated 
unlike the cuticular spines reported in 
other insects (Figure 2). As far as the 
striations are concerned, the structure 
showed similarity with sensilla trichodea 8 . 
The shape on the other hand, with a 
broad base and tapering tip was unlike 
the sensilla trichodea. The length of the 
structure was also shorter compared to 



Figure 1. Scanning electron micrograph of the cuticular projection on the abdominal surface 
of Blepharia zebina (bar= 10 pm). 
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Figure 2. Enlarged view of the same showing surface striations and pores (arrow head) 
(bar = 10 jam). 


trichoid sensilla in general 8 . Although 
some sensilla trichodea are reported to 
be short, their other structural features 
were much different from those of the 
cuticular projections observed in the 
present case. The morphological feature 
of the basal portion of the cuticular struc¬ 
ture suggests that it may have connection 
with inner epidermis and hypodermis. The 
surface also indicates the presence of a 
number of pores. The porous nature, the 
size and the shape of the projection links 
it more towards sensilla basiconica. How¬ 
ever, sensilla basiconica are reported to 
occur in smaller number and their arran¬ 
gements are also not like the cuticular 
structure observed on the abdominal sur¬ 


face of Blepharia in the present case. As 
far as the arrangement and low-magni¬ 
fication image is concerned, the structure 
is very similar to the cuticular spines 
described in other species. However, the 
presence of pores and striations, as 
revealed from magnified image, estab¬ 
lishes a major difference of the projection 
from spines. One of the possibilities is 
that the cuticular projection functions as 
a sensilla. In that case the nonflexible 
base, striations on the surface and porous 
nature of the structure suggest that its 
function is more likely to be, as a 
chemoreceptor, rather than a mecha- 
noreceptor 8 . The other possibility is that 
the cuticular projections with more or 


less pointed tip may be used to penetrate 
deep into the host tissue to derive nutrients 
which may be transported through the 
porous surface. However, a third pos¬ 
sibility of using this specialized structure 
by the parasite, simultaneously as a 
chemosensilla and as a mechanical device 
for penetrating the host tissue for the 
purpose of deriving nourishment, also 
appear to be logical. In any case, it is 
certain that the specialized cuticular struc¬ 
ture is an important parasitic adaptation 
for the maggot of the fly, Blepharia 
zebina. 
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Green algae (Oedogonium sp.) and Lemna sp.: The new alternate 
hosts for Spodoptera litura Fabricius 


In India, tobacco caterpillar S. litura Fab. 
appears every year »as a severe pest in 
rabi crops, viz. gram, wheat, linseed, 
sunflower, etc., particularly at certain loca¬ 
tions of Jabalpur, MP 1 . The pest is par¬ 
ticularly serious in haveli fields. ‘Haveli’ 
system of cultivation is a predominant 


practice in heavy soils of Jabalpur district. 
Under this system, rain water is impoun¬ 
ded in bunded fields during kharif season 
and direct sowing of rabi crops Is done 
with no tillage after letting out impounded 
water about 10-12 days before sowing 
of the rabi crops. On the impounded 


water, algae and Lemna sp. grow natu¬ 
rally. 

The second-third instar caterpillars, 
which are already present in the field at 
the time of sowing of rabi crops, start 
devouring the germinating seeds. At times, 
its severity necessitates resowing. Hence, 
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Table Survival and development of Spodoptera litura Fab. on the alternate source of food 


Host 


Period (days) 


Longevity (days) 

Oviposition 
period (days) 

Fecundity 

Sex ratio 
(M : F) 

Egg 

Larval 

Prepupal 

Pupal 

Male 

Female 

Gram 

3.37 

19.99 

2.50 

8.40 

5.30 

8.37 

4.27 

879 

1 : 1.14 

Algae {Oedogonium sp.) 

4.22 

24.25 

2.97 

8.22 

4.55 

7.82 

4.72 

636 

1 : 1.22 

Lemna sp. 

4.02 

20.65 

2.30 

8.17 

4.27 

8.45 

4.15 

718 

1 : 1.85 

Algae + Lemna sp. (1 : 1) 

3.75 

24.37 

2.45 

8.22 

5.40 

8.27 

4.35 

685 

1 :1.85 

S. Em. ± 

0.14 

0.25 

0.12 

0.15 

0.17 

0.15 

0.12 

22,38 


CD at 5% 

0.42 

0.72 

0.37 

N.S. 

0.51 

0.45 

0.34 

64.19 



an experiment was conducted in the 
laboratory of the Department of Entomo¬ 
logy, JNKVV, Jabalpur in search of an 
alternate source of food, which enables 
the pest to develop into second-third instar 
caterpillars before the main crop appears 
in the field. 

The freshly emerged larvae of S. litura 
were obtained from the laboratory culture. 
Soil was collected from the endemic area 
of the pest (Kathonda village of Jabalpur 
district). The tin tray (76x38 x 10 cm) 
filled with soil served as treatment. There 
were six treatments, viz., normal soil of 
endemic area containing organic matter, 
sterilized soil without organic matter, soil 
covered with green algae ( Oedogonium 
sp.), soil covered with JLemna sp., soil 
covered with the mixture of algae and 
Lemna sp. (1:1), and soil incorporated 
with germinating seeds of gram @ 4 
g/tray. Six freshly emerged larvae of S. 
litura were placed on the soil surface 
and then the trays were covered with 
muslin cloth and tied up with string. Each 
treatment had ten replications. The larvae 
were observed every alternate day for 
pupation. The pupae were transferred to 
the petri dishes along with moist blotting 
paper and kept under glass chimney till 
the adults emerged. The sex of the moths 
was identified and they were paired under 
glass chimney. Cotton swabs soaked in 
20% glucose solution were provided daily 
for adult feeding. The castor shoots, the 
cut ends of which were dipped in water, 
were provided for egg laying. The dura¬ 
tion of each developmental stage, adult 
longevity, female fecundity, oviposition 


period and sex ratio of the pest reared 
on different media were recorded. The 
data so obtained were statistically 
analysed and presented in Table 1. 

The study revealed that the pest could 
not survive on the sterilized soil or on 
the normal soil of endemic area containing 
organic matter. However, the pest could 
complete its life-cycle on green algae 
{Oedogonium sp.), Lemna sp. and their 
mixture. The egg and larval period were 
significantly prolonged and the female 
fecundity and adult longevity were sig¬ 
nificantly reduced due to feeding on algae 
and Lemna sp. as compared to the pest 
reared on germinating seeds of gram 
(Table 1). 

There is no report in the literature that 
S. litura feeds on green algae or Lemna 
sp. However, it appears that these alternate 
hosts might be playing an important role 
in the development of S. litura to third- 
fourth instar before the arrival of the 
main crop. After the harvest of rabi crops, 
neither does the pest persist in the soil 
as larva or pupa nor do the moths breed 
actively in the vicinity 2,3 . Hence, it is 
likely that the moths migrate to distant 
places 2,4 " 8 . As the pest infestation is not 
serious in the kharif season, it must be 
migrating back in the rabi season and 
the main remigration period is Septem¬ 
ber 2 . However, as there is no crop at 
that time in the field, the female moths 
should be laying their eggs on the surface 
of the moist soil in the haveli fields, 
since the pest has no specific liking for 
the site of oviposition 2,9 . The larvae, after 
emergence, probably feed on algae or 


Lemna sp. till these are available. As 
soon as the fields become dry, these flora 
dry up but by that time the crop is sown 
and the seeds start germinating. The cater¬ 
pillars which by now had grown to 3^4 
instar, start attacking germinating seeds. 

Thus the present study reveals that if 
the green algae and Lemna sp. can be 
removed from the water before it is 
allowed to settle on the fields along with 
the receding water, the young caterpillars 
of S. litura can be starved to death and 
the pest intensity could be controlled. 
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Parasite fau^ of fingerlings of Channa spp. used for treatment of 
asthma patients 


The Ayurvedic fish medicine used for 
. treatment of asthma patients has been 
receiving much attention from patients 
all over India, as well as Gulf countries. 
During the treatment, live fingerlings of 
Channa species carrying the herbal 
medicine are force-fed to individuals. The 
medicine is administered to patients on 
Mrigasira Karthika day every year mainly 
at Hyderabad but also at Visakhapatnam, 
Vijayanagaram, Guntur and other places 
in Andhra Pradesh. Wild fish collected 
from various natural habitats are used for 
the purpose. 

Since live fish are consumed during 
the treatment, it was thought worthwhile 
to ascertain whether there was any pos¬ 
sibility of man contracting helminth infec¬ 
tions through fish. Existing information 
indicates that Channa spp. serve as hosts 
for a wide range of helminth parasites, 
some of which with zoonotic potential, 
are capable of being transferable to man 1,2 . 

One sample fingerling of five Channa * 
punctatus and 31 C. orientalis was avail¬ 
able to us from the lot of fish to be 
used for the fish medicine at Visakhapat¬ 
nam during June 1995. The fishes ranging 
in length from 5.0 to 10.8 cm were 
brought to the laboratory and maintained 
in tanks and subsequently subjected to 
detailed parasitological study. All the 
organs including gills, scales, muscles and 
viscera were examined for the presence 
of parasites. The recovered parasites were 
identified, and the prevalence and mean 
intensity of infection with these parasites 
determined. 

All the 36 fish examined were infected 
with helminth parasites. Since no dif¬ 
ference was noted in the parasite fauna 
in both the species of fishes, the data 
were treated together. Altogether 13 
species of helminth parasites were found 
including one species each of Monogenea, 
Digenea, Nematoda and Acanthocephala 
and nine species of metacercariae (Table 
1). Metacercarial infections were most 
abundant. Gills carried heavy infections 
with metacercariae of Centrocestus formo- 
sanus. Metacercariae of Atrophecaecum 
burminis occurred frequently underneath 
the scales. Infections with tetracotyle larva 
and Neascus channi were also fairly com¬ 
mon. Metacercariae of Haplorchis 


pumilio , Echinochasmus bagulai and an 
unknown echinostome were less fre¬ 
quently encountered. Metacercariae of a 
plagiorchioid, probably of Tremiorchis 
sp., were fairly common in the muscles 
associated with gill arch. 

Adult digeneans represented by Genar- 
chopsis goppo infected 61.10% of the 
fish examined. The acanthocephalan Pal- 
lisentis nagpurensis was recovered from 
the intestine with a prevalence of 55.6% 
and mean intensity of 4.15. Nematode 
infections were, however, rare. 

Results of this study have thus 
demonstrated that Channa spp. used for 
administration of fish medicine are 
infected with a wide range of parasites, 
some of them in high prevalence and 
intensity. The recovery of potentially 
zoonotic parasites such as Haplorchis 
pumilio , Centrocestus formosanus and 


Monogenea 

Gyrodactylus hyderabadensis 
(Venkatanarasaiah, 1979) 

Digenea adult 

Genarchopsis goppo (Ozaki, 1925) 
Metacercariae 
Tetracotyle larva 
Neascus channi (Pandey, 1971) 

Euclinostomum heterostomum 
(Rudolphi, 1809) 

Echinochasmus bagulai 
(Verma, 1935) 

Echinostome metacercaria 
Plagiorchioid metacercaria 

Centrocestus formosanus 
(Nishigori, 1924) 

Haplorchis pumilio 
(Looss, 1896) 

Atrophecaecum burminis 
(Bhalerao, 1926) 

Nematoda 
Neocamallanus sp. 

Acanthocephala 
Pallisentis nagpurensis 
(Bhalerao, 1931) 


Echinochasmus bagulai is important, 
since these parasites are known to cause 
in man considerable pathogenecity includ¬ 
ing abdominal discomfort, nausea, 
headache, vomiting, diarrhoea, dysentery 
and sometimes cardiac failure 3-10 . 

Although not encountered during the 
present study, Channa spp. also serve as 
intermediate hosts for a number of other 
zoonotic parasites such as Haplorchis 
yokogawai , H. taichui , Clinostomum com - 
planatum and Gnathostoma spinigerum. 
It is also very susceptible to epizootic 
ulcerative syndrome (EUS), a disease that 
causes massive fish mortalities. 

Although no clinical information is 
available from patients who underwent 
fish treatment, the situation demands that 
necessary precautions have to be taken 
for preventing transmission of zoonotic 
infections to humans through the fish 


Skin 

13.80 

3.60 

Stomach 

61.10 

2.64 

Muscles 

44.44 

9.00 

Muscles 

38.89 

4.00 

Liver, 

muscles 

8.33 

11.67 

Gills 

13.89 

3.40 

Viscera 

8.33 

1.30 

Muscles of 
gill arch 

13.88 

3.40 

Gills 

47.20 

8.29 

Caudal 

muscles 

36.10 

2.00 

Scales 

41.67 

17.90 

Intestine 

5.56 

2.50 

Intestine 

55.56 

4.15 


Table 1. Parasites recovered from fingerlings of Channa spp., their 
prevalence and mean intensity 


Prevalence Mean 

Parasite Location (%) intensity 
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medicine. While not recommending 
suspension of the use of live fish for 
administering the drug, we suggest the 
following precautionary measures to be 
implemented: 

(i) The practice of using fish collected 
from natural habitats is to be discontinued 
since these natural foci invariably contain 
dense populations of snails that serve as 
intermediate hosts for the digeneans. 
Preferably fish reared in culture ponds 
or cement tanks where snails do not occur 
are to be used. 

(ii) As a means of quality control, 
samples of fish from the lot to be used 
for fish medicine have to be subjected 
to parasitological study. 

(iii) Strict hygienic conditions have to be 
maintained during the transport of fish 
and their maintenance. 
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On transfusion medicine 


Jaisy Mathai and V. Raman Kutty 


History of transfusion medicine is one of continued progress from a primitive harmful procedure 
to an organized speciality . We have made an attempt to highlight the various aspects of 
transfusion medicine including a cost appraisal on blood and components. With no alternative 
to blood transfusion, the priority should be optimization of collected unit and adherence to 
quality standards. A centralized blood transfusion system based on a complete voluntary set-up 
and meeting the target of requirements, will be the answer in our context. Rational use of 
blood and better transfusion practices would decrease spread of transfusion-transmitted diseases 
and incidence of life-threatening transfusion reactions. Blood transfusion would then become 
safer than ever before. 


Blood has always held a mysterious fascination for all 
and is considered, to be the living force of our body. 
Ancient Egyptians recognized the life-giving properties 
of blood and they used it for baths to resuscitate the 
sick, rejuvenate the old and infirm and as a tonic for 
the treatment of various disorders. Blood was also used 
for transfusion as a therapeutic measure as early as 
1667 when animal blood was administered to humans. 
Though initially this met with success, it had to be stopped 
abruptly due to certain adverse reactions to transfused 
blood. Then, the practice of transfusion lay dormant for 
nearly 150 years. As medical knowledge advanced with 
better understanding of blood and its constituents, procedure 
of blood transfusion on humans was revived in 1818 by 
an English obstetrician, James Blundell but with limited 
success as reactions to blood still occurred 1 . 


with both A and B antigens. Antigens of ABO system 
are present on the red cells of the foetus and persist 
throughout life. They are inherited according to Men- 
delian laws. Table 1 shows distribution of blood groups 
among general population. Corresponding to the antigens 
A and B there are antibodies anti-A and anti-B, which 
occur as agglutinins in the sera of individuals whose 
red cells lack the corresponding antigen. Blood group 
substances A and B are not confined to red cells alone 
but can be detected in other tissue cells and body fluids 
as well. Other antigens such as Rh, MNS, Kell, Lutheran, 
Duffy, Kidd, Lewis have been discovered and at present 
there are over 600 antigens recognized, forming the 
basis for different blood group systems. 

Adverse effects of blood transfusion 


Discovery of blood groups 

By 1900 it was recognized that the reactions observed 
during initial therapy were the result of destruction of 
transfused red cells by immunological mechanisms due 
to individual differences in blood group antigens on the 
red cell. The epoch-making discovery of ABO blood 
group system by Karl Landsteiner paved the birth of a 
discipline called Immuno Haematology. Landsteiner in 
his discovery of ABO blood group system found that 
human serum contains agglutinating antibodies directed 
against antigens on other human red cells. Agglutination 
is the most widely observed phenomenon resulting from 
the combination of a red cell antigen and its antibody 
(Figure 1). He found that human beings could be divided 
into three groups depending on the presence of A or 
B antigens on the red cells (groups A and B) or by 
the absence of these two antigens (Group O). Group 
AB was soon recognized as comprising of individuals 


The authors are in the Sree Chitra Tirunal Institute for Medical Sciences 
and Technology, Trivandrum 695 011, India. 


Blood group antigens vary greatly in their immuno- 
genicity. Among them, ABO and Rh are considered to 


ABO GROUP 


TYPING SERA 

(for cell or ‘forward’ grouping) 
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Group O 
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Figure 1. Red cell agglutination pattern - ABO blood groups. 
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be most important for transfusion purposes as these are 
the ones mainly responsible for haemolytic transfusion 
reactions and haemolytic disease of new borns. Hence, 
it is important that antibody screening and compatibility 
tests are designed to exclude the presence in the 
recipient’s serum of clinically significant antibodies 
against these blood group antigens. ABO system has 
naturally occurring antibodies in serum. Antibodies of 
most other systems develop only through transfusion of 
antigen-positive cells and during pregnancy when 
antigen-negative women conceive children with cor¬ 
responding antigen-positive cells. 

Though blood transfusion is regarded as the very 
essence of life, it is not without problems. Some of 
them can be prevented while others cannot. These include 
both immune and nonimmune mediated-complications 
and transmission of infectious diseases to the recipient 
(Tables 2 and 3). Allergic reactions are the most com¬ 
monly encountered transfusion reactions. They are 
thought to be due to plasma proteins in transfused blood 
reacting with recipient antibody. It can be severe in the 

Table X. Antigen and antibody content of red cells and serum 
ABO groups 

Approximate % of frequency 
ABO Antigen on Antibody of ABO and Rh groups in 


group 

red cells 

in serum 

general population 

A 

A 

Anti-B 

A 25 

Rh + 93 

B 

B 

Anti-A 

B 27 

Rh" 7 

AB 

A and B 

Neither 

AB 6 


0 

Neither 

Both Anti-A 
and Anti-B 

0 42 



Table 2. Adverse effects of blood transfusion 


Immune-mediated reactions 

Nonimmune-mediated reactions 

Haemolytic 

Volume overload 

Febrile nonhaemolytic 

Bacterial contamination 

, urticarial 

Transfusion-transmitted 

Allergic 

diseases 

^ anaphylactic 


Transfusion-related acute 

Physical destruction of blood 

lung injury 


Graft versus host diseases 

Iron overload 

Post-transfusion purpura 

Citrate toxicity 


Table 3. Current risk estimates of 


transfusion-transmitted 

diseases 

HIV 

1/225,000 

Hepatitis B 

1/200,000 

Hepatitis C 

1/6600 

HTLV 1/11 

1/50,000 

Others 

1/500,000 

Overall risk 

1/5000 


Source: Dodd, R. Y., New Engl. J. Med., 1992, 321, 
419; Connecticut Red Cross, 1993. 


form of an anaphylatic reaction. Febrile reactions occur 
in patients who have multiple transfusions and in multi¬ 
parous women due to leukocyte antibody. Before the 
days of disposable plastics, pyrogens and bacterial conta¬ 
mination also resulted in such febrile non-haemolytic 
reactions. Graft versus host disease occurs when immuno- 
logically competent lymphocytes are introduced into host 
recipients who are severely immunosuppressed. These 
immunocompetent donor lymphocytes will engraft in the 
recipient and react against ‘foreign tissue’ of the host 
and progress to a fatal outcome. It is a rare complication 
following transfusion in patients who are intensively 
treated with chemotherapy and irradiation. Pulmonary 
reactions characterized by rapid onset of acute respiratory 
distress occur during or immediately following trans¬ 
fusion. Leuco agglutinins or activated complement com¬ 
ponents are thought to cause aggregation of transfused 
leucocytes. These aggregates get trapped in microvas¬ 
culature of lung and cause symptoms of acute respiratory 
distress. Circulatory overload occurs following rapid 
transfusion of large amounts of blood in anaemic and 
elderly patients. Bacterial contamination of blood though 
uncommon now can still occur if improper storage 
techniques are used. 

Acute haemolytic transfusion reactions are the most 
severe form of transfusion reactions, amounting to a 
medical emergency. Delayed transfusion reactions can 
also occur as the transfused cells circulate and get 
destroyed by the increased antibody synthesis. This 
secondary response may occur within 7 to 10 days. Site 
of haemolysis can be either intra- or extravascular. 
Intravascular haemolysis is immediate and occurs when 
transfused cell combines with recipient’s allo-antibody, 
fix complement, and results in rupture of cell membrane 
and development of osmotic haemolysis. In an extravas¬ 
cular transfusion reaction, there is only partial fixing 
of complement due to the nature of the antibody involved; 
this antibody combines with transfused donor cells and 
are cleared by the reticulo-endothelial system. They 
rarely produce clinical symptoms. Increased awareness 
of potential complications of blood transfusion has led 
to identification of proper indications for transfusion so 
that unnecessary donor exposures are avoided. 


Ensuring safe blood 

Safety of blood transfusion begins with proper selection 
of donors. A person who volunteers to give blood is 
different from a patient in the sense that he is unaware 
of any abnormality that he may have. Hence, it is 
essential that proper history of any illnesses is sought 
and thorough medical examination is undertaken to 
decide whether the donor is acceptable. These measures 
safeguard the interests of both the donor and the recipient. 
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Each collected unit undergoes various testing of 
parameters like ABO and Rh grouping, detection of 
antibodies, screening for transfusion-transmitted diseases 
(TTDs) like hepatitis type B and C, human immuno¬ 
deficiency virus, syphilis and malaria. Compatibility 
testing is done with patients’ serum and donor red cells 
by different methods to detect any clinically significant 
antibody active at 37°C capable of destroying transfused 
cells in the patient’s circulation. 

Any type of blood whether whole blood or components, 
can produce adverse reactions due to transfer of infectious 
agents. Viral, bacterial and parasitic infections , are trans¬ 
mitted by the parenteral administration of blood. Various 
steps that help to minimize this route of infection are 
(i) insisting on voluntary blood donations, (ii) eliminating 
persons with high risk behaviour by a detailed ques¬ 
tionnaire, (iii) screening of all donor units for TTDs; 
(iv) viral inactivation of plasma products, (v) creating 
an awareness among the public of the routes of infection 
and emphasizing on ‘window period’ when the screening 
tests will be negative, but the donor may be in the 
infectious stage. For avoidance of bacterial contamina¬ 
tion, quality check has to be ensured at each step of 
blood collection, testing and storage to prevent the 
introduction of bacteria and its growth in the unit. 
Storage temperatures vary for different components. Red 
cells are best stored at 2-6°C and plasma products at 
temperatures below — 40°C. Platelets survive better at 
ambient temperature. 

To prevent TTDs, it is imperative that all donor units 
are screened serologically for markers of infectivity. 
Third generation assay kits like radioimmunoassay (RIA), 
enzyme immunoassay (EIA) and reversed passive 
haemagglutination assay (RPHA) which are of acceptable 
sensitivity are available for hepatitis B, C and HIV. 
Both RIA and EIA are solid phase sandwich type assays. 
RPHA uses red cells coated with purified antibody to 
test for antigen in the serum samples. Its presence will 
cause red cells to agglutinate. It is not sensitive as the 
other two and is less specific. EIA has the advantage 
of minimal requirement for expensive equipments com¬ 
pared to RIA, larger shelf life of reagents and little 
biohazard. Relative sensitivity of third generation assay 
is 100-10,000 times more over the previous assays 2 . 

Tests employed for syphilis (VDRL and RPR) detect 
nonspecific anticardiolipin antibodies. Hence biological 
false positives can be a problem. Though the usefulness 
of testing for syphilis has been doubted, it is still a 
mandatory requirement as it is suggested that syphilis 
testing might screen out donors at risk for other sexually 
transmitted disease such as HIV. Treponemal spirochetes 
do not survive if blood is stored for 72 h at 4°C. 

There are no practical lab screening tests for malaria. 
Unless there is a high parasitaemia, it will not be 
detected on routine peripheral smears. Exclusion of 
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donors at high risk by careful detailed questioning is 
the only way by which malaria can be prevented. Potential 
donors should be educated on the importance of ‘window 
period’ for TTDs and advised to exclude themselves from 
donation if they belong to high risk groups. 

Organization of transfusion services 

The goal of transfusion services is to provide effective 
blood products which are safe and adequate to meet 
patients’ needs. The task of meeting country’s needs 
for blood and products requires cooperation among blood 
transfusion services, health authorities, media and general 
public. A transfusion service could be centralized, 
regionalized or hospital-based. If it is just hospital-based, 
the needs of the peripheral areas will not be met, leading 
to inadequacy of services. A large service with wider 
network is needed to fulfil the requirements. The recruit¬ 
ment and selection of blood donors are critical for the 
organization of any blood transfusion service. Problems 
inherent in donor selection are reduced to a large extent 
if transfusion services are laid on a strong voluntary 
base and detailed guidelines are set for donor eligibility. 
Estimates of the need for blood should be based on 
the number of acute hospital beds or by estimating five 
per cent of country’s population. It has been calculated 
that 7 donations/year are needed to cover the needs of 
one acute hospital bed or a yearly average of 40,000- 
60,000 blood donations/million inhabitants to meet the 
demand for red blood cells 3 . Essential functions of the 
service should be donor recruitment, blood collection, 
testing of donor blood, component preparation, distribu¬ 
tion and training and reference services. A model is 
shown in Figure 2. The basic requirement of any service 
is maintenance of strict standards and application of 
quality assurance programme in all its operations. 

Recent advances in transfusion medicine 

Clinical practice of blood transfusion has changed con¬ 
siderably over the years as a result of our increased 
knowledge and development of new technologies. Dis¬ 
covery of citrate and dextrose as important for blood 
preservation has greatly revolutionized the storage and 
preservation of blood. Newer formulation of anti¬ 
coagulants, additives and rejuvenating fluids and 
cryobiology have enhanced the storage period, thereby 
improving the viability and survival of stored cells. 
Blood transfusion therapy has become a highly special¬ 
ized science with blood components available in con¬ 
centrated form, allowing the patient to receive only the 
specific components required. This has been made pos¬ 
sible by the advent of refrigerated centrifuge and multiple 
blood bag system (Figure 3) by which various blood 
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Figure 2. Model outlay - Transfusion services. 



Figure 3. Double and triple blood collection bags. 


components can be prepared in a closed system. Multiple 
donor pools of plasma harvested by apheresis can be 
processed to yield derivatives such as albumin, factor 
concentrates and immune serum globulin fractions. 
Preparation of components permits efficient utilization 
of whole blood for better patient care. Blood components 
frequently used in transfusion practice and their indica¬ 
tions are given in Figure 4. Cell separators that separate 
components by centrifugal force have also found ap¬ 
plication in therapeutic haemapheresis. The advantage 
of these machines is that only needed component is 
removed, allowing reinfusion of the rest of the blood 
back to the patient or donor as the case may be. Another 
advantage is that pheresis of the desired component can 
be done at more frequent intervals. It is also possible 
now to recycle blood which is lost during surgical 
procedures using ‘cell saver’. Use of such salvaged 
autologous blood will reduce unnecessary donor ex¬ 
posures and prevent alloimmunization. 

Antigens of human leucocyte antigen (HLA) system 
are important in influencing the survival of transplanted 
organs. Better understanding of transplantation immuno¬ 
logy has proved to be of immense value in the treatment 
of end-stage failure of certain organs. Emergence of 
techniques for cell survival studies, flow cytometry and 
polymerase chain reaction have revolutionized the diag¬ 
nostic field of transfusion medicine. 

Marked progress has also been made in the preparation 
of blood substitutes as an alternative to blood. Current 
research has focused mainly on the development of 
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CONCENTRATE-RESTORATION OF RBC WITHOUT 
VOLUME EXPANSION 


FROZEN THAWED-LONG TERM STORAGE OF BLOOD 
WITH RARE BLOOD GROUPS & MULTIPLE ANTIBODIES 
PREVENTION OF NHFTR 


LEUCOCYTE POOR - PREVENTION OF NHFTR, 
SENSITISATION IN TISSUE TRANSPLANTS 


QUALITATIVE PLATELET 
DEFECTS (INHERITED, 
ACQUIRED) 


QUANTITATIVE PLATELET 
DEFECTS (INCREASED 
DESTRUCTION, 

DECREASED PRODUCTION) 


IN NEUTOPAENIC PATIENTS 
WITH GRANULOCYTE COUNT 
<0.2 x 10 9 /l WITH PROVED 
BACTERIAL SEPSIS 
UNRESPONSIVE TO 
ANTIBIOTICS 


FFP-IN HEREDITARY AND ACQUIRED 
COAGULATION FACTOR DEFICIENCY, 
PROTEIN C, S & AT III AS 
REPLACEMENT FOR PLASMA EXCHANGE 


LP-FOR MULTIPLE STABLE CLOTTING 
FACTOR DEFICIENCIES, TREATMENT 
OF HYPOVOLEMIC SHOCK 


CRYO-F VIII DEFICIENCY STATES 
(HAEMOPHILIA A & vWD) 


CONGENITAL F XIII DEFICIENCY 


KEY : 

NHFTR-NON HAEMOLYTIC FEBRILE 
TRANSFUSION REACTION 
PRP -PLATELET-RICH PLASMA 
PC -PLATELET CONCENTRATE 


FIBRINOGEN QUALITATIVE & 
QUANTITATIVE DEFECTS 


CRYO -CRYOPRECIPITATE 
LP -LIQUID PLASMA 
FFP -FRESH FROZEN PLASMA 
vWF vON WILLEBRAND’S FACTOR 


Figure 4. Blood and components - Indications. 


oxygen-carrying red cell substitutes. Synthetic oxygen 
transport fluids based on perflurochemicals (PFCs) and 
modified haemoglobins have emerged. PFCs are cyclic 
or straight chain hydrocarbons in which all the hydrogen 
atoms are replaced by fluorine atoms. PFCs are stable 
and chemically inert and have a high solubility for 
gases. The first commercial PFC emulsion developed 
and tested in man is Fluosol-DA 20%. Owing to certain 
limitations of F-DA, second generation PFCs are under 
development. 

Interest in using haemoglobin as a red cell substitute 
is based on its capacity to bind oxygen chemically and 
to become fully oxygen saturated. Stroma-free haemo¬ 
globin is prepared from outdated human red blood cells 
by washing and lysing them with distilled water to 
obtain a solution free of red cell stroma. Problems like 
short intravascular retention time and high oxygen affinity 
have led to modifications of hemoglobin molecule by 
pyridoxylation and polymerization. Liposome-encapsu¬ 
lated hemoglobin with reasonable period of survival in 
the circulation is also under way 4 . Gene therapy is 
emerging as a new treatment modality for many inherited 
diseases. As a result of these developments, blood 
transfusion, at one time a rare and hazardous procedure 
to both donor and recipient, has now become a common 
life-saving practice. 


Cost estimates 

In India under ideal conditions we have estimated the 
cost of one unit of blood to be Rs 490 (Table 4). This 
can be brought down to Rs 370 provided we fully 
utilize the existing capacity of the capital equipment. 
A further cost of Rs 95-125 is incurred for the production 
of blood components from one unit of whole blood. 
The variation in estimate reflects the differences in 
assumptions. 

Indian scene 

Blood transfusion service (BTS) in our country is still 
in its infancy. The need for blood is growing day by 
day as a result of advancement in clinical medicine. 
Depending on the facilities and infrastructure of different 
hospitals, requirement of blood may vary from 9.6 units 
of blood/bed/annum in general hospitals to 8-15 units 
of blood in larger hospitals having specialized depart¬ 
ments and more than 20 units per annum in super 
speciality hospitals 5 . In India for a population of 900 
million and a bed strength of little over half a million, 
blood needs met in relation to population per thousand 
are less than 10 donations per year 6 . As is seen, blood 
is always in short supply and recruitment of donors is 
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Table 4. Cost estimates for blood transfusion (in rupees) 



Estimate I 

Estimate II 

Fixed costs 



Building and space 
(imputed rent at standard rates) 

3000.00 

3000.00 

Equipment (actual prices brought up to 
current value by correction with 
Wholesale Price Index and monthly rates 
calculated to include depreciation and 
opportunity cost) 

5486.89 

4231.24 

Overheads and utilities 

848.69 

723.12 

Total salaries per month 

72,770.00 

72,770.00 

Variable costs 

Consumables 

51,695.00 

51,695.00 

Additional cost of equipment for blood 
components 

22,599.69 

17,427.84 

Average costs 



Average cost of 1 unit of whole blood 
(at 273.2 units per month) 

489.75 

484.70 

Average cost of 1 unit of whole blood 
if the facility is working at full capacity 
(at 360 units/month) 

371.67 

367.83 

Average additional cost of producing 
blood components from one unit of 
whole blood* 

123.29 

95.08 


*From one unit of whole blood, several components can be separated, 
capable of being transfused into different patients. 


never met fully. This state of affairs can be overcome 
to a large extent by optimization of blood usage by 
way of blood component therapy. Adoption of novel 
techniques for recruitment of voluntary blood donors 


will motivate people at large to donate blood. Apart 
from the overall shortage of blood, there is still depen¬ 
dency on professional donors and other problems like 
inadequate infrastructure and shortage of trained per¬ 
sonnel. Most of the blood banks are hospital-based. As 
there is no organized blood transfusion service, mush¬ 
rooming of small blood banks is on the rise. It is 
essential that we have a centralized system of collection, 
processing, storage and distribution of blood. 

There is an increasing concern about quality and 
safety of available transfusion services in the wake of 
AIDS. What we require today is to set up a centralized 
blood transfusion service, with emphasis on safe blood 
and safe transfusion practices relying on quality and 
adequacy of services. Creation of such a service would 
provide scope for cost containment as well. 
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Fracture initiation in ductile metals* 

P. Rama Rao 

Defence Research and Development Organization, Room No. 156, B-Wing, Sena Bhavan, New Delhi 110 011, India 


A major research and development programme that 
began more than a decade ago and is still underway 
at the Defence Metallurgical Research Laboratory 
seeks to, on the one hand, investigate certain aspects 
of ductile fracture in iron and binary iron solid solution 
alloys and, on the other, develop a suitable low alloy 
ultra-high strength (yield strength better than 1500 
Mpa) steel with relatively high fracture toughness 
(fracture toughness better than 80 MpaVm). Fracture 
toughness measurements were carried out on Armco 
Fe with varying grain size and at different tempera¬ 
tures and on a whole series of iron alloys: Fe-Si, Fe-Mo, 
Fe-Ni, Fe-Co, Fe-Cr, Fe-C, Fe-C-Ni, Fe-C-Co, Fe-C- 
Ni-Si-Cr, Fe-C-Ni-Si-Cr-Co, Fe-C-Ni-Si-Cr-Mo and 
Fe-C-Ni-Si-Cr-Mo-Co. Through scanning electron 
metallography, measurements have been made of the 
characteristic distance of the void ahead of the blunted 
crack tip and the stretch zone width to determine the 
crack tip opening displacement. Using an approach 
involving these measurements and the plastic flow 
related energy dissipation in the HRR (Hutchinson- 
Rice-Rosengren) zone beyond the process zone and 
the calculation of / Jc in terms of the critical strain 
model originally developed by Rice and Johnson and 
Ritchie and Thompson, it is shown that measured J u 
covering a wide range (100-300 kj/m 2 ) can be es¬ 
timated. The NiSiCrMoCo steel has been now produced 
on tonnage scale at MIDHANI, Hyderabad. Following 
the development of welding consumables and evalua¬ 
tion of the weld joint efficiencies, the use of this 
structural steel for high technology applications is 
currently under progress. 


In the world of materials the dominant fraction (~ 95%) 
by weight is accounted for by engineering materials. 
The balance belongs to the so-called functional materials 
which perform critical functions in various modern 
devices like the computers and other electronic systems 
and these are currently receiving the bulk of research 
attention and funding. About 70% of the engineering 
materials, by weight again, would be metals and alloys, 
although this proportion is diminishing with polymers 
and composites registering high growth rates. Steels, the 
work horse of the engineering materials, are the material 
of interest in the present article, and these account for 
about 80% of the metals produced and, thus, for more 
than half of all of the materials. 


*Text of President’s address delivered at the 61st Annual Meeting of 
the Indian Academy of Sciences held at Madras, 10 November 1995. 


Engineering materials are used in load-bearing appli¬ 
cations where reliability and durability are governed by 
the three engineering properties, viz. Young’s modulus, 
yield strength and fracture toughness. Failure of structural 
parts can be caused by buckling when they are not stiff 
enough, or by plastic yielding when resistance to plastic 
deformation is not adequate or by fracture when there 
is collapse of resistance to crack propagation. Failure 
criteria of a structural member in the three situations 
would be respectively dictated by Young’s modulus, 
yield strength and fracture toughness. 

Let us take stock of these properties in the various 
types of solids. Metals are inherently weak solids - yield 
strength of Fe single crystals is as low as 28 MPa. 
Compare this with the strength of diamond, which is 
10,000. MPa. Polymers-are floppy kind of solids and so 
they are low-modulus materials. Compare the value of 
E for polyethylene (0.15 GPa) with that of diamond 
(1000 GPa). Ceramics are naturally brittle solids-frac¬ 
ture toughness value of 3 MPaVm~ for alumina may be 
compared with 200 MPa^/nT for mild steel. Most of 
engineering materials science is dedicated to combat the 
inherent weakness in each class. The result is strong 
steels (e.g. piano wire with an yield strength of 
2750 MPa), engineering plastics (e.g. melamine with a 
modulus of ~ 9 GPa) and tough ceramics (e.g. cermet 
with fracture toughness of ~20MPaVm~). The most 
successful and consistent achievement is in respect of 
strengthening metals and the more challenging has been 
to enhance fracture toughness of ceramics. Fracture 
toughness of < 15 MPaVm is generally unacceptable in 
an engineering structure and it is this aspect which has 
hitherto hindered the use of ceramics in load-bearing 
applications. We will be concerned with fracture tough¬ 
ness in this article, although not in respect of ceramics 
or, for that matter, brittle solids. 

The focus of this article is on fracture. Fundamentally 
there are only two fracture modes - brittle and ductile. 
Cleavage fracture is an instance of brittle failure which 
takes place by breaking atomic bonds across cleavage 
planes. Failure of ductile solids can also occur in the 
brittle mode as happens in iron (cleavage) at low tempera¬ 
tures, below what has been termed the ductile-brittle 
transition temperature. Brittle fracture has been studied 
extensively and is not dealt with here. We will turn 
our attention to ductile fracture, a three-step process 
involving formation of a void, its growth due to plastic 
deformation of the surrounding ductile material and then, 
once the void has grown beyond a certain size usually 
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expressed in terms of the distance of separation between 
neighbouring voids, the ligament failure causing void 
linkage resulting in the formation of a crack that will 
propagate catastrophically. The problem becomes more com¬ 
plex when one has to analyse the effects of high temperature 
(creep fracture) or of chemical attack (stress corrosion). 


Milestones in fracture theory 


The analysis of fracture progressed as the understanding 
of material behaviour was combined with the principles 
of mechanics and the way this subject developed thereby 
is an outstanding instance of interdisciplinary approach 
successfully contributing to the blossoming of a field 
of research. 

The quantitative relations that engineers and scientists 
use today in determining the fracture of cracked solids 
were initially stated 75 years ago by Griffith 1 . He noted 
that fracture takes place when the strain energy that is 
released by extending a crack exceeds the surface energy, 
y s , required to form the extra crack surface. 



_ P 2 d C 
da 2 da 


( 2 ) 


where P is the applied force and C the elastic compliance 
per unit thickness. This relationship has made a sig¬ 
nificant contribution to fracture mechanics since it can 
be applied to any geometry subjected to elastic loading . 

The next major advance, regarded as a turning point, 
occurred when Irwin 6 showed that stresses and displace¬ 
ments near the crack tip can be related through a single 
parameter K that in turn was related to the strain energy 
release rate G. With reference to Figure 1 the parameter 
K is the stress intensity factor 


a. = — jf(@) 

2nr JlK J 


( 3 ) 


Imagining that crack extended by an amount An , Irwin 
calculated the work required to close it back up to its 
original length. This amount of work can be equated 
to the product of the energy release rate and the crack 
extension increment. Thus 


- a + 

GAa = 2J (l/ 2 a yy (x)v(x - Ad) dx) . (4) 


where a f is the fracture stress, y the Poisson’s ratio and 
a the crack length. Griffith worked on glass and to 
deal with metals in a similar way Orowan 2 and Irwin 3 
independently suggested that we add to the surface 
energy term the energy associated with the plastic defor¬ 
mation (y ) in the fracture process, i.e. y s in equation 
(1) becomes y p + y s . Mott 4 extended the Griffith theory 
to rapidly propagating cracks. 

Subsequently Irwin and Kies 5 showed that, for a single 
crack tip, the strain energy release rate per unit thickness 
(dUJda ) is given in terms of load and compliance, and 
then they related this to Griffith’s strain energy release 
rate designated as G, i.e. 



Or, upon substituting 


o 


.v.v 


V 


K[2n(x - a)Y {/2 , 


(1+v) (k+1) 
E 


K 



x > a 

x < a . 


Irwin obtained 

G = i(l+v)(K+l) ^ (5) 

where E' = E for plane stress and E'-E/(\ -v 2 ) for 
plane strain. 

Presently we are concerned with ductile metals, which 
exhibit considerable plastic yield, for which the stress 



u 


Figure 1. Coordinates used to describe stresses near a crack tip. 
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and strain relation is not elastic. For these, the strength 
of stress and displacement fields near a crack tip were 
characterized by a parameter called J by Rice 7 , keeping 
in view that the exponents of stress and strain must 
reflect the functional relationship between the stress and 
strain implied by the nonlinear stress-strain curve appro¬ 
priate to ductile solids. J of Rice extended Irwin’s strain 
energy release rate to encompass nonlinear behaviour, 
as well as his virtual work treatment outlined above to 
treat a general contour around the crack tip starting 
from the lower crack face, including the singularity and 
terminating on the upper surface. The J integral around 
any such contour incorporating stored energy density 
and tractions on the contour have been shown to be 
path independent (Figure 2). The J integral can be 
written in the form 


' = J 


aeciy-r f^dj 

OX 


( 6 ) 


where oe is the strain energy density, s the path of the 
integral which encloses the crack, T the outward traction 
vector acting on the contour around the crack, u the 
displacement vector and d^ the length increment along 
the contour. Since J is path independent, one may 
choose the most convenient path, usually the specimen 
boundary. One can again postulate that the crack growth 
occurs if J exceeds the critical value J^. For the case 
of linear elastic material, 


4 " G ic = K l /E ' > ( 7 ) 

where suffix I stands for tensile mode of loading. 

Rice s work might have been relegated to obscurity 
had it not been for the demanding research effort of 
the nuclear power industry driven by legitimate concerns 
for safety, as well as political and public relations 
considerations. In 1972, Begley and Landes 8 conducted 
experiments to determine the fracture toughness proper¬ 
ties of steels and their successful experiments led to 
the publication of. a standard procedure for J testing of 
metals ten years later. 


Table X. Strengthening mechanisms 


Mechanism 

Relation 

Dislocation 

Aa = aGbdp 

Grain size 

Act = Aa n + k/d ,/2 

Solid solution 

Act - A (g s ) 3/2 C m 

Precipitation and dispersion 

Act = p Cb/X 

Multiphase 

- f (o„, cr,) 


G = Shear modulus; p = Dislocation density; b= Burger’s 
vector; d = grain size; C = Concentration of solute; 
X = Interparticle/dispersoid distance; a = Yield strength; 
e s = Lattice misfit strain; A, p = Constants. 


Alloy development 

Alloy development calls for not only improvement of 
strength but also enhancement in fracture resistance. In 
regard to strengthening, a large experimental data bank 
has become available alongside impressive theoretical 
treatments. As a result, strengthening due to various 
mechanisms has been quantitatively predicted and 
validated (Table 1). Using this knowledge base it has 
been demonstrated that it is possible to design industrial 
alloys (e.g. high-strength low-alloy' steels) to meet the 
desired strength levels 9 . With regard to fracture resis¬ 
tance, we did not have for long an equivalent level of 
understanding. The problem of fracture toughness needed 
to be addressed, because the more the strength is built 
into a given material, the more prone to brittle fracture 
it becomes (Figure 3). If we have to develop strong as 
well as tough alloys, we must find methods by which 
the yield strength-fracture toughness strength plot in 
Figure 3 is displaced outward diagonally as shown. This 
has indeed been the endeavour in the case of steels 
marked by the development of ultrahigh strength, high 
fracture toughness steels like the maraging steel 10 . In 
the event, substantial understanding has emerged about 
the way microstructural features respond to fracture 
processes, particularly in the regime of multiphase engi¬ 
neering alloys strengthened by the presence of par¬ 
ticles — carbides in structural steels and intermetallic 
precipitates in alloy steels such as maraging steel. 

Single phase and relatively cleaner alloys would have 
been excellent model materials to work with (as shown 
by research on strengthening mechanisms) for generating 
basic understanding of ductile fracture; but this has 
remained substantially unattended. This is the niche area 
chosen for ductile fracture research at DMRL with the 
following goals: (i) generate experimental data, which 
is the difficult aspect as the materials are ductile, (ii) 
relate to ductile fracture theory, and (iii) use the infor¬ 
mation alongside that available in the literature to develop 
a new composition for an ultrahigh strength, high fracture 



Figure 3. A schematic diagram showing variation of strength with 
fracture toughness. 
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toughness low-alloy steel , and (iv) develop the same 
through industrial processing for engineering applications. 

Measuring fracture toughness 

As pointed out earlier, J lc is the appropriate measure 
of fracture toughness of ductile metals. What perhaps 
has deterred carrying out measurements of fracture tough¬ 
ness J lc of very ductile solids such as purer metals and 
single phase binary alloys is the enormity of the needed 
effort arising out of the specimen dimensions for valid 
/ tests 11 . The validity criterion to be fulfilled stipulates 
that the thickness of the specimen (B) for a valid 



1.2W 


M 

W/2 



-4.5W- 


BEND SPECIMEN 


Figure 4. Specimen geometries for fracture toughness testing. 





Uj .f (a/w) 
B (w - a) 


B : Specimen thickness 
W : Width 

W - a : Uncracked ligament 


Figure 5. Test method for J k . 


test should exceed a minimum value defined by 
B>25/ Ic /a yt , where a yt is the average of yield and 
tensile strength. Since we are dealing with high J lc and 
low g t , on account of our test materials being single 
phase materials which are soft, the specimen thicknesses 
are rather large. A standard compact tension specimen 
would be of 50 mm thickness weighing around 6.0 kg 
as compared to a tensile specimen (for strength meas¬ 
urement) that weighs less than 100 g. Further, the fracture 
toughness specimens are of more complicated geometry 
(Figure 4) and are, therefore, more difficult to machine. 

The J lc measurement technique 11 involves measurement 
of the area under load-displacement plot, obtained from 
notched and precracked specimens and the corresponding 
crack extension A a (Figure 5). To obtain a single value 
of «/ Ic , 4 to 6 specimens are to be tested. (The elastic 
unloading-based single specimen technique could not be 
employed due to considerable crack tip plasticity 12 ). In 
the case of strongly hardening metals, as in the present 
instance, ASTM 11 -suggested theoretical blunting line was 
inapplicable. It therefore became necessary to establish 
experimentally the blunting line, corresponding to the 
initial extension of the crack due to crack tip blunting 12,13 . 
For this purpose scanning electron fractography was used 
to measure what is referred to as the width of the stretched 
zone, which refers actually to the stretch of the crack as 
a consequence of blunting. The complete details of the 
test procedure are available in Srinivas et al. 12 . 

The ductile fracture process 

The basic objective of any theoretical treatment would 
be to arrive at expressions, in terms of measurable 
parameters, based on an analysis of the crack extension 
process, with the help of which the value of J can be 
predicted. By and large, till now, only the effects of 
loading and geometry are considered. The scale of 
consideration would correspond to, at best, the macro 
scale with hardly any attention to features at finer scale 
within the plastic zone. This is to be contrasted with 
the interest of physicists which would be at the atomic 
level. The physics of crack extension at the atomic level 
would consider ion and electron cloud configurations 
involved in the crack extension process, analyse the 
same from wave mechanics and integrate the results 14 . 
The magnitude of the problem may be gauged from the 
fact that in the case of crack extension, integration 
dauntingly would have to be over ten orders of mag¬ 
nitude. This seems intractable. The work that we present 
here is therefore to be content with just the size of the 
plastic zone and making measurements related to micro 
scale features within the plastic zone. 

The sequence of events leading to crack initiation 
during ductile failure (Figure 6) is as follows: (a) 
blunting of the sharp crack, (b) nucleation of a void at 
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a characteristic distance l c from the crack tip, (c) growth 
of the void due to plastic flow under triaxial tensile 
stress conditions, and (d) coalescence of the void with 
the main crack resulting in crack initiation (plastic 
collapse). Initiation fracture toughness 7 Ic , where the 
suffix I suggests uniaxial tensile mode of loading, corres¬ 
ponds to the event, (d) the strain hardening characteristic 



Aa 


Figure 6. Sequence of events leading to crack initiation during ductile 
failure. 



STRAIN (e) 



Figure 7. Schematic stress-strain curves for (a) non-hardening material 
and (b) strain-hardening material. 


of the material influences the void nucleation and growth 
processes. 

A criterion for crack initiation 

For fracture to initiate, critical strain has to be exceeded 
over the characteristic distance, l c . The use of the 
characteristic distance has been importantly resorted 
to 15-19 in the evaluation of J lc . The initiation fracture 
toughness J lc is nearly equal to the product of plastic 
work per unit volume and the characteristic distance 
For a nonhardening material, the forms of the stress 
(a) and strain (8) relation would be of the form shown 
in Figure 7 a and 

4 = ( CT r e r)4 • (8) 

For a strain hardening (a = K H 8") material (Figure 7 b ), 

4 - [ J CF d£ ]£ r . / c . 

~ {{K H Z^ l /n+\}l Q . (9) 

Evaluation of J lc thus requires the knowledge of the 
characteristic distance l r) the critical fracture strain e P 
to be exceeded over the characteristic distance and the 
strain hardening exponent n. 

The critical distance l c arises from the net result of 
the variation of the strain (8) and hydrostatic stress 
(tensile), G m , ahead of the crack 20 . From the strain 
variation, the local flow stress (a now ) can be calculated 
from G flow = K h E n . For void nucleation to occur, 
a m + a now should exceed a critical stress o c . G m + G [low 
will attain a maximum value neither at the crack tip 
(because G m is low at the crack tip) nor at a distance 
greater than a few times the crack tip opening displace¬ 
ment 8 t (because strain becomes too low), but at some 
intermediate distance (Figure 8). 

The characteristic distance has been commonly used 
in the evaluation of J lc whether it is the stress- or 
strain-based approach to determine the failure criteria. 
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Figure 8. Stress distribution ahead of a blunted crack tip. 
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Various values have been assigned to l c which has been 
conceived to be microstructure-dependent (Table 2). 
However, no direct measurement of Z c seems to have 
been made so far. This is partly attributable to the type 
of materials invariably investigated, namely particle con¬ 
taining (e.g. carbide-strengthened steels) materials. 

Void nucleation in particle-bearing materials occurs by 
interface decohesion or by particle cracking (Figure 9). 
On the other hand, in particle-free materials, such as 
Armco iron under consideration, void nucleation 
mechanism is deformation related and occurs by slip 
band intersection or slip band impingement on grain 
boundary (Figure 9) which has been measured by us 
as described below. 

Scanning electron metallographic measurements 

Void nucleation 

For direct observation of void nucleation and measure¬ 
ment of / c , the material chosen is Armco iron which 
was essentially particle-free in the sense that no particles 
were resolved at the optical level. High resolution 
electron microscopy revealed particles too small to be 
considered responsible (below the size suggested by 
Argon et al . 21 ) for void nucleation at them. Evidence 
was obtained for the nucleation of voids at slip band 
intersection and at sites where slip band impingement 
on grain boundaries occurred (Figure 10). 


Table 2. Characteristic distance vs microstructural constituent 


Model 

Relation 

Ritchie, Knott and Rice 37 

l c ~ 2 x grain size 

Curry 38 ; Knott 20 

l c = inter-particle distance 

Garrison 15 , Ritchie and 

l c = mean spacing of the void 

Thompson 19 , Rice and 
Johnson 29 

nucleating large particles 

Lin, Evans and Ritchie 16,17,31 

l c * distance based on statistical 
approach 




Figure 9. Void nucleation in (a) particle-free and ( b) particle-con¬ 
taining materials. 


Characteristic distance l 

c 

With the objective of determining the void site ahead 
of the crack tip, the compact tension toughness test of 
Armco iron (38 pm grain size) was interrupted at regular 
displacement intervals, samples mid-sectioned, polished, 
etched and examined. An SEM micrograph corresponding 
to the displacement level of 2.9 mm is shown in Figure 
11. At this displacement, the crack tip had blunted 
extensively and developed a nearly semicircular profile. 
Figure 11 reveals formation of voids ahead of the 
blunted crack tip. These voids form a semicircular array 
parallel to the blunted crack tip profile. The distance 
between the first parallel void array and the crack tip 
is 125 pm. The diminishing void size as one moves 
away from the crack plane recorded in the case of 
78 pm grain size Armco iron (Figure 12) is a reflection 
of the HRR strain field variation, ahead of the blunted 
crack, given by the expression 22,23 


8..(X,0) = (J/K h IX )"*+ 1 8.(0, n ), (10) 

where J represents the /-integral value, I n is a constant 
which depends on n , X is the distance ahead of the 
crack tip, 0 is the angle from the plane of the crack 
and 8 y (Q,n) is a normalizing function to account for the 
variation in the strain profile with angle 0. 

That l c is indeed a microstructure-dependent parameter 
is brought out by observations similarly made when the 
microstructural parameter grain size was varied in iron 
(Figure 13). l c measurements show that with increasing 
grain size l c decreases. 


INTERSECTION 
OF SLIP BANDS 



SLIP BAND IMPINGEMENT 
ON GRAIN BOUNDARY 


Figure 10. Scanning electron micrograph showing the nucleation of 
voids by slip band impingement: mutual intersection of slip bands and 
intersection with the grain boundary. 
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Figure XI. Scanning electron micrographs of Armco iron of 38 fxm grain size corresponding to a displacement level of 2.9 mm in an interrupted 
fracture toughness test. 


Stretch zone width 

The stretch zone is a featureless zone between the 
fatigue precracked region and the point of onset of 
stable crack growth. The stretch zone width (SZW) 
increases with displacement during loading and attains 
a critical value (SZW C ), beyond which stable crack 
growth commences. SZW measurements were carried 
out to establish the experimental blunting line and to 
derive J lc from the critical value SZW c . Scanning electron 
fractographs revealing the stretch zone width (SZW) for 
Fe and Fe-5Co are shown in Figure 14. The toughening 
effect of cobalt on iron is manifest in the enhanced 
SZW for Fe-5Co material. 

The SZW measurements served yet another purpose. 
The crack opening displacement is relatable to SZW 24 
and is equal to twice SZW (Figure 14). Through SZW 
measurements the critical crack tip opening displacement 
5 tc can therefore be estimated. This is of much value 
as the relationship between l c and 8 tc is needed in the 
ductile fracture analysis. 

l c vs grain size and S tc 

As mentioned earlier, l c measurements were made as a 
function of grain size. Grain size influences fracture 
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toughness and thereby 5^. The consequent variation of 8 tc 
with l c was found to be linear (Figure 15) and could be 
expressed as / c = 0.315 S tc . Since 8^ is twice SZW, this 
expression enables estimation of l c from SZW measurements. 

Measurement of J Ic 

If our understanding of the ductile fracture features 
observed and measured through scanning electron metal¬ 
lography has to be placed on a more sound footing, 
we need substantial quantitative measurements of J Ic . 
This was undertaken in respect of Armco iron. For this 
purpose three important variables, viz. grain size, solute 
additions and test temperature were chosen. Studies on 
each of these variables, as will be seen below, not only 
yielded a wide range of J lc values (100-300 kJ/m 2 ) but 
also significant new observations. 

Grain size effects 

The influence of grain size on the strength of metals 
and alloys is well established in terms of the well-known 
Hall-Petch relationship 

c y = o 0 + k/d' /2 , (11) 
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Figure 12. Scanning electron micrographs of Armco iron of 78 |im 
grain size showing array of parallel voids. 


where a 0 is the strength coefficient and k y the grain 
size exponent. Stonesifer and Armstrong 25 proposed a 
relationship that correlates the critical stress intensity 
factor K lc with yield stress <j y as 
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K k =Cr'"o y , (12) 

where r p is the plastic zone size. Further, J lc is related 
to K Ic as 

■ 4 = Xf c (l-vV£, (13) 

where v is Poisson’s ratio. The dependence of J lc on 
grain size is obtained by combining the three equations 
(11), (12) and (13) and would be given by 

4 = C 2 r p ol/E' + (C 2 r p a f) k y /E')d~ 112 

+ [(CV p yE')d- 1/2 ] 2 . (14) 

4 measurements were made on Armco iron of varied 


Figure 13. Scanning electron micrographs of Armco iron of varied 
grain size revealing characteristic distance. 

grain size ranging from 38 to 1050 |Um. The fracture 
toughness data 26 presented in Figure 14 reveal that J lc 
decreases with coarsening of grain size and follows a 
parabolic relation with d~ 1/2 as 

4 = 65.6 + 25.8 d~ 1/2 + 2.5 (d~ 1/2 ) 2 . (15) 

Apart from validating the relation (Figure 16) we find, 
interestingly, occurrence of brittle cleavage at room tempera¬ 
ture in iron specimens (precracked) of 1050 pm grain size 
(Figure 17). The cleavage fracture behaviour at room tempera¬ 
ture can be explained in terms of the stress concentration 
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BLUNTED CRACK TIP 



Figure 14. Scanning electron micrographs revealing critical stretch 
zone width for Armco iron and Fe-5Co alloy. 

ahead of the crack tip attaining the level of the cleavage 
fracture stress and the planar slip conditions when the 
plastic zone confines to just about one grain 26 . 

Grain size variation also influences work hardening 
behaviour and the size of the plastic zone ahead of the 
crack tip. The work-hardening exponent n decreases 
from 0.3 to 0.255 when the grain size is varied from 
38 (im to 420 pm. In a similar manner, as expected, the 
plastic zone size decreases with coarsening of the grain 
size (Figure 18). At finer grain sizes the plastic zone 
encompasses a greater number of grains which implies 
a greater energy input in overcoming the grain boundary 
resistance to fracturing of poly crystal grains, which 
explains higher values of J as grain size is decreased. 
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Figure 15. Variation of crack tip opening displacement 8 lc with 
characteristic distance / c for Armco iron of varied grain size. 



u- • .* * v-1/2 *1/2 

(Grain diameter) , mm 


Figure 16. Variation of J [c with grain size for Armco iron. 

Solute effects 

Commonly used alloying elements in steels, viz. silicon, 
molybdenum, nickel, cobalt and chromium were chosen 
as solutes. Iron-based solid solution alloys, at two con¬ 
centration levels in each case, were evaluated for tensile 
and fracture toughness properties 27 . 

As a prelude to examining J as a function of the 
solute addition, simple tensile tests were carried out 
(Figure 19). It is evident from Figure 19 that cobalt 
and chromium cause solid solution softening while 
molybdenum, nickel and silicon strengthen iron. Silicon 
has pronounced hardening effect. 

Alloy softening due to cobalt was further investigated. 
One of the reasons for alloy softening conjectured in 
the literature is that cobalt as substitutional solute causes 
scavenging of interstitial carbon. This has been attributed 
to the notion that cobalt enhances thermodynamic activity 
of carbon in iron, which means that it reduces the 
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Figure 17. Scanning electron micrograph showing cleavage fracture 
in Armco iron of grain size 1050 pm fracture toughness tested at room 
temperature. 



Figure 18. Microhardness profiles of Armco iron of varied grain 
size. 

energy of carbon atom interaction with the metal atoms. 
We have, for the first time, obtained evidence for carbon 
segregation to grain boundaries through secondary ion 
mass spectroscopy (SIMS). Ion images for Armco iron 
(Figure 20 a, b) clearly indicate that the interstitial carbon 
is homogeneously distributed in the solution. On the 



Figure 19. Change in yield stress ofj iron as a function of alloying 
element content. 1 

other hand, C~ and CN~ ion ijmages for Fe-5Co alloy 
(Figure 20 c, d) clearly reveal Segregation of carbon and 
nitrogen at the grain boundaries. 

To substantiate SIMS observations, the Hall-Petch 
constants were determined from yield strength data ob¬ 
tained over a wide range of grain size for Fe and two 
binary alloys Fe-0.5Co and Fe-3.5Si. The scavenging 
mechanism implies removal of carbon from the grain 
interior and its segregation to the grain boundaries. If 
this is operative, it should be seen from the Hall-Petch 
constants, namely g () (a measure of friction stress resisting 
dislocation movement within the grain) and k y (a measure 
of grain boundary strength). Figure 21 shows variation 
of yield stress with grain size for Fe, Fe-0.5Co and 
Fe-3.5Si. G () and k y values are also included in the 
figure. Cobalt addition causes significant reduction in 
G () (118 MPa to 39 MPa) whereas K y increases from 
25.6 to 36.8 MPaVm. An increase in k y with cobalt 
addition indicates segregation of interstitial carbon atoms 
to the grain boundaries as carbon is known to contribute 
to grain boundary cohesion in Fe. On the other hand, 
silicon being a strong solid solution strengthener causes, 
at a concentration level of 3.5 wt%, a three-fold increase 
in G () without influencing k y . 

Fracture toughness (7 Ic ) data for the five binary alloys 
are plotted as a function of alloying content (Figure 
22 a). The notable observation is that cobalt imparts to 
Armco iron significant improvement in fracture tough¬ 
ness. On the other hand, Mo and Si have an increasing 
degree of deleterious effect, with the least effect observed 
for chromium. The marked lowering of J lc in Fe-Ni 
alloys is due to the effect of sulphur segregation, as 
explained elsewhere 27 . 

The increase in J lc with cobalt addition can be under¬ 
stood in terms of the enhanced strain hardening exponent, 
which is known to have a bearing on the plastic zone 
size around the crack tip and on micromechanisms of 
crack initiation. The large decrease in J lc with silicon 
and higher molybdenum concentration is explained on 
the basis of a change in fracture mode from ductile to 
cleavage as a result of stress concentration ahead of 
the crack tip reaching the cleavage fracture stress. 
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Figure 20. Secondary ion mass spectroscopy images for (a,b) Armco iron ^nd {c,d) Fe-5Co alloy. 


The influence of solute additions on the strain har¬ 
dening exponent n is shown in Figure 22 b. A close 
similarity exists between the variation of J lc and n with 
alloying element. Of all the five elements investigated, 
cobalt is the only element that increases n of iron. 
Increased n also results in larger plastic zone size 27 . 

Effects of temperature 

At low temperature, iron loses its fracture resistance 
drastically due to the onset of brittle fracture which, as 
is well known, is a characteristic of b.c.c. materials. 


Increasing the temperature from the ambient to 343 K 
results in a marginal increase (~ 8%) in J ]c of Armco 
iron. A further increase in temperature is accompanied 
by a dramatic increase in J Ic (Figure 23). A maximum 
of J lc (290 kJ/m 2 compared to the room temperature 
value of 170kJ/m 2 ) was obtained at 473 K. Armco iron 
exhibits dynamic strain ageing (DSA) in the temperature 
range 383-573 K, wherein a significant increase in frac¬ 
ture toughness is observed 28 . The present results show 
that DSA is intrinsically a strengthening as well as a 
toughening mechanism. This should be expected from 
the influence of DSA on strain hardening (Figure 23). 
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The variation of J lc of iron as influenced by grain Analysis of ductile fracture data 
size, alloying element and test temperature is presented 


in Figure 24 as a function of strain hardening exponent 
n. A general tendency for J lc to increase with increasing 
n is evident. The effect of n is most marked with grain 
size. With the J lc experiments thus covering a wide 
range (100-300 kJ/m 2 ), the stage is set for the analysis 
of the data. 



Grain size‘ 1/2 ( mm" 1/2 ) 


Figure 21. Variation of yield stress with grain size for Armco iron, 
Fe-0.5Co and Fe-3.5Si alloy. 



Alloying element (wt%) 



Alloying element (wt%) 

Figure 22. Variation of J k (a) and strain hardening exponent (b) of 
iron with alloying element content. 


The critical strain criterion model developed by Rice 
and Johnson 29 and Ritchie and Thompson 19 for engineer¬ 
ing materials, used in the analysis of our data, assumes 
the presence of particles. The sequence of events leading 



Temperature in K 



Temperature in K 


Figure 23. Variation of J lc (a) and strain hardening exponent ( b ) of 
iron with test temperature. 



STRAIN HARDENING 
EXPONENT (n) 


Figure 24. Variation of J lc as influenced by grain size, alloying 
element and temperature with strain hardening exponent. 
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to crack initiation is visualized as follows. As soon as 
the precracked sample is loaded in tension under a 
monotonically increasing load, extensive blunting of the 
crack tip occurs as has been actually seen. The crack 
blunting process is completed, leading to a constant 
stretch zone width (SZW), before void nucleation (nor¬ 
mally at particles in most previous treatments) and 
growth at a characteristic distance l c from the blunted 
crack tip (Figure 25). The interrelationship between 
4> the critical fracture strain £ f and the characteristic 
distance l c is given by 22,25 

4 = C^K^Vn+l)^ (16) 


tending to about 2.3 8 tc from the crack tip experiences 
substantial plastic flow. In contrast, once void growth 
starts, further deformation is localized in the process 
zone (Figure 25). 

Based on the above scenario, the energy absorbed per 
unit volume of the material before crack initiation, can 
be grouped as follows: 

(i) Energy absorbed in the process zone up to nucleation 
of void 

£ nuc = (i9) 

where 

e nuc = 2.3 exp (-2.35//5J. (20) 


where 

C { =I n (n+ l)/£ ir (17) 

The values of / and £,. for different values of n and 
0 have been computed by Hutchinson 22 , Shih 30 and 
Harlin and Willis 32 . However, the extensive blunting of 
the crack tip that occurred in our experiments on Fe, 
substantially free from particles, alters the HRR stress 
and strain fields very near the crack tip and also the 
angular distribution of the function z ... The above effects 
related to blunting alter C { and, hence, the value of C { 
obtained on the sharp crack assumption will not be 
appropriate in the present case. 

It is to be noted that the zone ahead of the crack 
tip experiencing deformation also changes in size during 
the course of crack initiation. With reference to Figure 
25, up to the point when the plastic strain (£) ahead 
of the crack at l c reaches the nucleation strain (£ n ), the 
strain distribution ahead of the blunted crack is given 
by the expression 

£ = 2.3 exp (-2.34 X/S t ), (18) 

where X is the distance ahead of the crack tip on the 
crack plane (0 = 0) and 8 t is the crack tip opening 
displacement. The material within the HRR zone ex- 


(ii) Energy absorbed in the process zone during void 
growth up to its coalescence with the main crack 



where 


e f = [In (bl/a 0 )/ 0.28] exp (- 1.5a m /a) + 8 nuc . (22) 


(iii) The energy absorbed in the HRR zone extending 
to a distance of about 2.3 5 lc from crack tip exclusive 
of the process zone 


W= [K„(2.3 8 ic -/ c )/«h-1J C 1 , 

(23) 

where 

= 2.3 5*—/, CXP (_235 Z / 5 .c) ( 24 ) 

and £ av is the average plastic strain in the HRR zone 
exclusive of the process zone. 

The 4 expression derived earlier (eq. (16)) includes 
only the first two energy terms E mc and E and 
presumes that the energy absorbed in the HRR zone is 
negligible as compared with the energy absorbed/dis¬ 
sipated in the process zone. However, the assumption 
is not entirely valid as will be shown. Hence, a more 
accurate expression for 4 can be obtained as 



Figure 25. A schematic illustration of the plastic zone field of a 
blunted crack tip delineating the various zones. 


4 = C[E l+E l +£,( 2.3 8 -/)! . (25) 

The input parameters K H and n are obtained from 
tensile data (a = K u £ n ) and 8 tc from stretch zone meas¬ 
urements. a is estimated using 8, from a /a = 0.577 
[1+2 In (1+2/ c /8 tc )]. Reasonable values are assigned 
to a 0 the initial radius of the void at the time of 
nucleation and bl c , the final radius of the void at which 
it coalesces with the main crack. / c , the critical distance 
is estimated from SEM measurements. 

In ductile metals, the magnitude of local strain is 
substantially larger and the strain distribution extends 
much further. From a given strain, amplification of local 
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flow stress is much higher on account of higher strain 
hardening. Energy dissipated in the plastic zone is a 
function "of the product of local flow stress and strain. 
Thus, energy dissipation in HRR zone, ignored for less 
ductile alloys, is reckoned with in ductile metals. 

Theoretically predicted J lc values are compared in 
Figure 26 with those derived experimentally. This 
includes data pertaining to alloying additions, grain size 
and test temperature. It is evident from Figure 26 that 
the proposed method estimates reasonably well (to 
within ±15%) the ductile initiation fracture toughness 
7 Ic of single phase materials exhibiting a wide range of 
values. Our analysis 33 indicates that the assumption that 
energy required for crack initiation (7 Ic ) is equal to the 
energy dissipated in the process zone only is not valid, 
at least in the case of very ductile materials, because 
the proportion of the total energy dissipated in the HRR 
zone excluding the process zone can be as high as 15 
to 25% depending on the actual material. 

Development of a special steel 

As already described, the basic studies on the toughening 
behaviour of Armco iron as influenced by the alloying 
additions have revealed that, among the five alloying 
elements studied, viz. cobalt, chromium, nickel, molyb¬ 
denum and silicon, cobalt imparts significant improve¬ 
ment in fracture toughness. An extension of these studies 
to Fe-C-X alloys, where X is Co or Ni, interestingly 
revealed that the beneficial effect of cobalt is even more 
pronounced in the presence of carbon (Figure 27). With 
a 5 wt% cobalt addition the J lc of Fe-0.2C alloy is 
enhanced nearly 80% while maintaining the same level 
of strength. 

Based on the understanding developed, cobalt addition 
was made to the Garrison 34 NiSiCr steel to achieve 



J|q (model), kJ/m 2 


further improvement in fracture toughness. A significant 
improvement in fracture toughness is seen (compare the 
bars of J lc for NiSiCr and NiSiCrCo steels in Figure 
27). The accompanying loss in strength due to the 
addition of cobalt to the base NiSiCr steel was com¬ 
pensated by molybdenum addition. While molybdenum 
is a solid solution strengthener, the fracture toughness 
of Armco iron is only marginally lowered as a result 
of molybdenum addition, when below a certain level 
of concentration. To optimize the composition, melts 
with varying content of cobalt and molybdenum were 
processed and tested 35 . The strength-toughness data of 
NiSiCrCoMo steel thus developed fall in the upper 
bound range of 250 grade maraging steel (Figure 28). 

Technology development of the steel was then pursued 
through industrial scale melts and detailed studies per¬ 
taining to formability and weldability. The attractive 
combination of strength and toughness observed in the 
laboratory melt is seen to be reproducible in the industrial 
scale melt (Table 3). NiSiCrCoMo steel in the softened 
condition can easily be rough machined before finally 
subjecting to hardening and tempering treatment in order 
to develop an optimum combination of strength and 
fracture toughness. The steel in the softened condition 
also possesses good formability. Weld parameters have 
also been established. With base steel as filler (which 
had to be duly processed), 95% or better weld efficiency 
in terms of yield strength as well as fracture toughness 
is achievable in the weld and heat treated condition. 

The newly developed NiSiCrCoMo steel obviously 
provides significant cost saving once we consider the 
fact that this steel possesses a maximum alloy content 
of - 7% whereas the alloying content of maraging 250 
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Figure 26. A comparison of J le evaluated experimentally with J lc 
predicted by analysis. 


Figure 27. Histograms showing strength and toughness variations of 
iron-based solid solutions, Fe-C-X alloys and NiSiCr-based steels. 
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Figure 28. Strength-toughness data for NiSiCrCoMo steel superim¬ 
posed onto the bands for maraging steel and low alloy quenched and 
tempered steels. 


Table 3. Reproducibility of properties in tonnage melts 


Property 

Lab-scale melt 
(30 kg) 

Industrial melt 
(5000 kg) 

Yield stress (MPa) 

1530 

1575 

UTS (MPa) 

1890 

1950 

Elongation (%) 

14 

13.6 

K lc (MPaVnT) 

120 

90-100 


grade steel is in excess of 30% (ref. 10). That low-alloy 
steels generally possess superior biaxial strength 36 is a 
feature worthy of note. The use of the NiSiCrCoMo 
steel for various structural applications can now be 
considered. 


1. Griffith, A. A., Philos. Trans. R. Soc. London , 1920, A221, 163. 

2. Orowan, E., Rep. Progr. Phys., 1948, XU, 185. 

3. Irwin, G. R., Fracturing of Metals , American Society for Metals, 
Cleveland, 1948, p. 147. 

4. Mott, N. F., Engineering , 1948, 165, 16. 

5. Irwin, G. R. and Kies, J. A., Welding J. Res. Supply 1952, 31, 
95s. 

6. Irwin, G. R., J. Appl. Mech ., 1957, 24, 361. 

7. Rice, J. R., Fracture - An Advanced Treatise (ed. Liebowitz, H.), 
Academic Press, New York, 1968, vol. II, p. 191. 

8. Begley, J. A. and Landes, J. D., Fracture Toughness , Part II, 
ASTM STP 514, American Society for Testing and Materials, 
Philadelphia, 1972, p. I. 

9. Pickering, F. ft.. Physical Metallurgy and Design of Steels, Applied 
Science Publishers, London, 1978. 

10. Source Book on Maraging Steels , American Society for Metals, 
Metals Park, Ohio, 1979. 

11. ASTM E813-81, Standard Method of Jic — A Measure of Fracture 
Toughness, Annual Book of ASTM Standards, American Society 


for Testing and Materials, Metals Park, Ohio, Section 3, 1986, p 
768. 

12. Srinivas, M., Malakondaiah, G. and Rama Rao, P., Eng. Fracture 
Mechanics, 1987, 28, 561. 

13. Mills, W. J., J. Test. Eval, 1981, 9, 56. 

14. Eberhart, M. E., Latanision, R. M. and Johnson, K. H., Acta Metall, 

1985, 33, 1783. 

15. Garrison, Jr. W. M., Scr. Metall ., 1984, 18, 583. 

16. Lin, T., Evans, A. G. and Ritchie, R. O., Acta Metall, 1986, 34 
2205. 

17. Lin, T., Evans, A. G. and Ritchie, R. O., J. Mech. Phys. Solids 

1986, 34, 477. 

18. Neville, D. J., J. Mech. Phys. Solids, 1988, 36, 443. 

19. Ritchie, R. O. and Thompson, A. W., Metall Trans., 1985, A16 
233. 

20. Knott, J. F., Metal Sci., 1980, 16, 327. 

21. Argon, A. S., Im, J. and Sofoglu, R., Metall Trans., 1975, A6 
825. 

22. Hutchinson, J. W., J. Mech. Phys. Solids, 1988, 16, 1. 

23. Rice, R. J. and Rosengren, G. R., J. Mech. Phys. Solids, 1968, 16 
1 - 12 . 

24. Robinson, J. N. and Tetelman, A. S., Engg. Fract. Mech., 1976 
8, 301. 

25. Stonesifer, F. R. and Armstrong, R. W., Advances in Research on 
the Strength and Fracture of Materials, The Physical Metallurgy 
of Fracture (ed. Taplin, D. M. R.), Pergamon, Oxford, 1977, vol. 
2A, p. 1. 

26. Srinivas, M., Malakondaiah, G., Armstrong, R. W. and Rama Rao, 
P., Acta Metall Mater., 1991, 39, 807. 

27. Srinivas, M., Malakondaiah, G. and Rama Rao, P., Proc. R. Soc. 
London, 1994, A447, 223. 

28. Srinivas, M., Malakondaiah, G. and Rama Rao, P., Acta Metall. 
Mater., 1993, 41, 1301. 

29. Rice, J. R. and Johnson, M. A., Inelastic Behaviour of Solids (eds 
Kannien, M. F., Adler, W. F., Rosenfield, A. R. and Jaffee, R. I.), 
McGraw Hill, New York, 1970, p. 641. 

30. Shih, C. F., Brown University Report No. MRL E-147, Providence 
1983. 

31. Lin, T., Evans, A. G. and Ritchie, R. O., Metall Trans., 1987 
A184, 641. 

32. Harlin, G. and Willis, J. R., Proc. R. Soc. London, 1988, A415, 
197. 

33. Srinivas, M., Sundararajan, G., Malakondaiah, G. and Rama Rao, 
P., Proc. R. Soc. London, 1994, A447, 237. 

34. Garrison Jr, W. M., Metall. Trans., 1986, A17, 669. 

35. Malakondaiah, G., Srinivas, M., Marthanda Murthy, J. and Rama 
Rao, P., Bull Mater. Sci., 1994, 17, 73. 

36. Bhat, G. K., in High-Strength Steels for the Missile Industry (ed. 
Sumsion, H. T.), American Society for Metals, Metals Park, Ohio, 
USA, 1961, p. 153. 

37. Ritchie, R. O., Knott, J. F. and Rice, J. R., J. Mech. Phys. Solids, 
1973, 21, 395. 

38. Curry, D. A., Metal Sci., 1980, 16, 319. 

ACKNOWLEDGEMENTS. The presentation is based on the work of 
my colleagues Dr G. Malakondaiah, Dr M. Srinivas and Shri J. 
Marthanda Murthy of DMRL, the association with whom has been so 
rewarding. I thank Dr G. Sundararajan for his participation in and 
contribution to the analysis of fracture data. The cooperation of several 
people of DMRL, encouragement and support of the Director Shri 
S. L. N. Acharyulu are gratefully acknowledged. For production tech¬ 
nology aspects of the steel, we owe a debt of gratitude to MIDHANI, 
a Special Alloys plant at Hyderabad and their Chairman Shri R. K. 
Mahapatra. 


372 


CURRENT SCIENCE, VOL.70, NO. 5, 10 MARCH 1996 




RESEARCH ARTICLES 


Taxodioxylon gypsaceum and its botanical 
affinities 

J. van der Burgh and J. J. F. Meijer 

Laboratory of Palaeobotany and Palynology, State University of Utrecht, Heidelberglaan 2, 3584 CS, Utrecht, The Netherlands 


In the browncoal quarry Schleenhain near Leipzig, 
some wood specimens were collected from an Upper 
Eocene browncoal seam. One of them is described here 
and identified as Taxodioxylon gypsaceum and com¬ 
pared with various descriptions of this species and with 
other data concerning the Taxodiaceae. Our conclusion 
is that J. gypsaceum is a highly variable polyphyletic 
species. 


Taxodioxylon gypsaceum (Goeppert) Kraeusel 
(Figure 1) 

Material : Specimen no. U 3279. 

Description 

Due to compression the bordered pits and cross-field 
pits are difficult to observe. 

Growth rings : variable in width, ranging from 0.2 to 
0.7 mm. 

Tracheids : angular in cross section, very wide (radial 
40-50 jam, tangential 20-30 jam) in the early wood, 
narrow (radial 5-10 |im, tangential 15-20 pm) in the 
late wood, wall thickness thin in early wood, thick in 
late wood, 5 and 15 pm respectively. Wall smooth. 

Bordered pits : in the radial walls of the early wood 
bi-triseriate, diameter 15-20 pm, crassulae present but 
infrequent. In the tangential walls of the late wood very 
numerous, diameter 10-12 pm. 

Axial parenchyma: Predominantly present in the late 
wood. Cells between 130 and 400 pm high. Horizontal 
walls thin, sometimes up to 6 pm thick, pitted, forming 
beads. 

Rays: Exclusively 1 cell wide and up to 35 cells high. 
Height of the cells: 12-15 pm, cross-field pits in one 
horizontal line, taxodioid or partly also glyptostroboid, 
diameter 8-10 pm. Horizontal walls 2-3 pm thick and 
pitted, tangential walls 1-2 pm thick and sparingly pitted. 

Discussion 

This wood exhibits nearly all the characters attributed 
CURRENT SCIENCE, VOL. 70, NO. 5, 10 MARCH 1996 


to T. gypsaceum: sparingly pitted or smooth horizontal 
and tangential walls in the ray parenchyma, taxodioid 
cross-field pits, thin (next to thick) horizontal walls in 
the axial parenchyma. The botanical species (leaves, 
cones) from which this wood might have originated 
must have been Athrotaxis couttsiae (Heer) Gardner, as 
the wood is found in a layer of browncoal consisting 
exclusively of this species. However, Miocene material 
of this species must be compared to Sequoia abietina 
(Brongniart) Knobloch, as Athrotaxis couttsiae was ex¬ 
tinct during that time. Therefore the question of the 
botanical affinity of, the wood species arises. 

When Krausel 1 published his study on the fossil conifer 
wood, he remarked concerning Taxodioxylon , that this 
was a type of wood combining the characters of Taxodium 
distichum and Sequoia sempervirens. 

The fossil species recognized by him were T. sequoia- 
num , based on the type of cross-field pits and the 
absence of pitting in the horizontal and tangential walls 
of the ray parenchyma, and T. taxodii , differing in the 
very thick pitted horizontal walls in the axial parenchyma. 

In his second publication on fossil conifer wood in 
general 2 , T. sequoianum was named T. gypsaceum , based 
on the oldest description of fossil wood assigned to this 
species. In this publication Krausel also discussed the 
critical remarks made by Bailey and Faull 3 , who described 
the cross-field pits as rather variable and not very useful 
for identifying fossil wood. Krausel maintained that the 
majority of pits are typical taxodioid cross-field pits 
and advised the use of sufficient material to make 
reliable observations. 

Although Krausel does not give a diagnosis of the 
genus and the species, the characters used are: cross-field 
pits within the late wood oblique narrow, in the early 
wood wide ca. horizontal apertures (taxodioid pits), ray 
walls mostly smooth, axial parenchyma numerous. The 
species in the key of Taxodioxylon are separated on the 
number of cross-field pits, the nature of the axial 
parenchyma and the presence or absence of horizontal 
and vertical- resin ducts. 

When compared with the actual variability within the 
wood of one recent species, we see that this as a rule 
is wider than that in the fossil wood species, due to a 
rather narrow species concept. 

This finds its origin in the use of a general restricted 
number of samples when studying fossil material and 
by the nomenclatorial rule, that a species is to be 
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Figure 1 a~g. Taxodioxylon gypsaceum (Goeppert) I 
Radial section, ray, cross-field pits (x400)* c Cros< 
parenchyma, ray (x400); g. Radial section, bo’rdered 
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defined by the use of a single specimen 4 . While taxonomy 
and nomenclature are always used for describing a new 
species yet this easily leads to the above-mentioned 
neglecting of possible variability. Especially the variation 
of material, like leaves and secondary wood, exposed 
to a wide variety of influences, is in such a situation 
rather difficult to include in the description of a species. 

When studying T. gypsaceum this problem stands out. 
In the Neogeneous deposits of western Europe, this 
species is generally assigned to Sequoia , represented by 
cones and branches with needles, described as S. abietina. 
When comparing all the woods that have to be assigned 
to S. abietina , the variation becomes much wider. The 
cross-field pits vary from taxodioid to cupressoid or 
glyptostroboid; the horizontal walls in the ray vary from 
thin to thick and turn out to be pitted, the endwalls 
are very often smooth, but sometimes pitted. The horizon¬ 
tal walls in the axial parenchyma are frequently nodular; 
however, the nodules are generally very small and 
difficult to be observed. It is therefore evident that the 
narrow definition of T. gypsaceum presents some dif¬ 
ficulties, for it is clear that wood with various characters 
has to be included. 

van der Burgh 5 recognized several species of Taxo- 
dioxylorr. T. taxodii , T. cryptomerioides, T. gypsaceum 
and T. germanicum. Of these, the first two present no 
difficulties, being quite different. The other two are 
very alike, the only difference being in the thickness 
of the horizontal walls in the rays and the axial paren¬ 
chyma. According to our studies of recent S. sempervirens 
and also the study of Bailey and Faull 3 , they both are 


comparable with this recent species. When we compare 
them with material of another genus Juniperoxylon we 
see the same type of variation. J. juniperoides has 
smaller cross-field pits, thicker horizontal walls in the 
parenchyma and thicker endwalls, in the ray parenchyma 
(see also Table 2). van der Burgh 6 concluded from this 
overlap that Juniperoxylon is not a genus confined to 
the Cupressaceae, but partly belongs to the Taxodiaceae 
and that it can be seen as an extension of the variation 
of T. gypsaceum. He concluded this by comparing with 
the ‘biological’ species from which these woods could 
originate, i.e. S. abietina. By referring to the ability of 
Sequoia to sprout from stem bases and roots he clarified 
that quite big populations of trees are in effect only 
material of genetically a single or at most a few plants. 
This explains the remarkable homogeneous structure of 
the woods of such a type from one locality. Another 
argument for referring Juniperoxylon at least partly to 
the Taxodiaceae is the presence in the early wood of 
wide tracheids with biseriate bordered pits. 

Thus we conclude that the wood of S. abietina is as 
variable as that of recent S. sempervirens and that it 
is known from several fossil wood species, each of 
them being defined too narrow to match the variability 
of a single ‘biological’ species. 

To remedy this situation is not easy. Widening the 
species definition of T. gypsaceum makes other problems 
evident. The definition might become so wide, that it 
becomes unworkable, or, some other clearly defined 
‘good’ species get amalgamated with it. In order to 
avoid such problems no change in the species definition 


Table 1. Comparison of data from different descriptions of T. gypsaceum (measures are in pm) 


T. gypsaceum (Tertiary) 


Character 

van der 
Burgh 5 

van der 
Burgh 6 

van der 
Burgh 12 

Raman uj am 
& Stewart 7 

Gottwald 13 

Present 

study 

Schonfeld 14 

Mean 

value 

Pits 

Number 

1-2 

1-2 

1-3 

1-3 

1-3 

1-2 

1-2(4) 

1-2(3) 

Diameter 

17-18 

16-23 

15-18 

16-21 

18-22 

16-20 

-22 

16-23 

Parenchyma horizontal wall 

Thickness 

1-2 

1-2 

Thin 

Thin 

— 

1-3(6) 

— 

1-3(6) 

Pits 

X 

X 

X 

- 

- 

X 

- 

X 

Rays 

Width 

1-2 

1 

1-2 

1-2 

1-2(3) 

1 

1 

1-2 

Maximum height 

24 

20 

25 

35 

30 

35 

21 

35 

Height of cells 

20-30 

25 

— 

20-30 

35 

12-20 

19-40 

30 

Cross-field pits 

Taxodioid 

X 

X 

X 

X 

X 

X 

X 

X 

Cupressoid 

Glyptostroboid 

Diameter 

X 

X 

8-16 

10-15 

10-15 

8-12 

X 

10-15 

X 

X 

10-12 

18 

(X) 

(X) 

8-16 

Horizontal wall 

Thickness 

1-2 

1-2 

Thin 

Thin 

Thin 

2-3 

Thin 

Thin 

Pits 

X 

X 

X 

- 

- 

X 

X 

X 

Tangential wall 

Thickness 

1-2 

1-2 

Thin 

Thin 

Thin 

1-2 

Thin 

Thin 

Pits 

X 

X 

X 

- 

- 

(x) 

(x) 

-, x 
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Table 3. Comparison of T. gypsaceum from the Upper Cretaceous with Tertiary material 

(measures are in p.m) 



T. gypsaceum 
(Tertiary) 


T. germanicum 
(Upper Cretaceous) 

Character 

Mean value 

Meijer 11 
(in prep.) 

Ramanujam and 

Stewart 7 

Pits 

Number 

1-2(3) 

1-2 

1-3 

Diameter 

16-23 

10-15 

16—21 

Parenchyma horizontal wall 
Thickness 

1-3(6) 

1-2 

Thin 

Pits 

X 

X 

— 

Rays 

Width 

1-2 

1-2 

i — z 

Maximum height 

35 

25 

35 

Height of cells 

30 

20 

20-30 

Cross-field pits 

Taxodioid 

X 

X 

X 

Cupressoid 

Glyptostroboid 

Diameter 

(X) 

(X) 

8-16 

X 

8-16 

8-12 

Horizontal wall 

Thickness 

Thin 

2-5 

Thin 

Pits 

X 

-, X 

— 

Tansential wall 

Thickness 

Thin 

1-2 

Thin 

Pits 

X 

-, X 

" 


t, 


4 


I * 


is advised. One cannot however, completely neglect the 
results of the earlier studies 3 ' 6 . So the value of the single 
character should not be overemphasized, one has always 
to refer to several characters and allow for a percentage 
of them to be aberrant. 

In Table 1 a choice of the numerous descriptions is 
used to achieve an idea of the variability of this type 
of wood during the Tertiary. Several characters used as 
diagnostically important are listed, with exception of 
one character, the absence or presence of traumatic resin 
ducts. This is not a normal wood character and in fact 
its inclusion makes the identification of a good, sound 
piece of wood impossible. From this table it is clear 
that especially with reference to characters like thickness 
and pitting of parenchyma walls, there is much difference 
between the diverse descriptions. This points to another 
difficulty, the delineation of Glyptostroboxylon is tra¬ 
versed by the variability of this wood. Although Glyp¬ 
tostroboxylon is defined by having the majority of its 
cross-field pits glyptostroboid, rather small bordered pits 
and pitted (beaded) horizontal walls in the axial paren¬ 
chyma, all these characters can be present in T. gyp¬ 
saceum as well. This precludes in some cases the 
certainty by which an identification can be made and 
makes the validity of the genus Glyptostroboxylon ques¬ 
tionable as pointed out by other authors 7 ' 8 . 

In Table 2, a comparison is made between some 
descriptions of species of the genera Taxodioxylon and 
Juniperoxylon. J. pachyderma and J. rhenanum are two 
species, assigned to the latter genus, based on thick, 
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pitted tangential endwalls in the ray parenchyma and 
thick pitted horizontal walls in the axial parenchyma. 
We consider them as belonging to this group of woods, 
although their characters place them more or less apart. 

It is possible that especially in the case of J. rhenanum 
we are dealing with another local clone of T. gypsaceum, 
for J. rhenanum is confined to one layer and locality. 
Also J. pachyderma from Miocene deposits is in our 
experience more or less like T. gypsaceum, differing 
only in the thickness of the horizontal and tangential 
walls in the rays and in the axial parenchyma, which 
are partly clearly beaded and in the somewhat smaller, 
mostly cupressoid cross-field pits. Based on the wide 
early wood tracheids it is to be referred to as taxodiaceous 
wood. Again the lack of a suitable species within the 
Taxodiaceae—apart from S. abietina —for matching 
makes clear that within the Miocene lower rhenish 
browncoal this wood and T. gypsaceum belong to the 
same biological species. In the Pliocene deposits of the 
same region J. pachyderma has uniseriate radial-bordered 
pits only. So it differs from the material of the Miocene 
deposits. Moreover, some Cupressaceae are present to 
match the wood, therefore it is to be expected that in 
this case the wood must be assigned to the Cupressaceae. 

The presence of biseriate-bordered pits in the radial 
walls of the early wood tracheids seems to be an 
important character. However, this cannot be used for 
all Taxodiaceae, for some of them, notably Cryptomeria, 
do not possess biseriate-bordered pits in the radial walls 
of the early wood tracheids. 
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T. gypsaceum is found throughout the Tertiary and 
even before that in the Cretaceous. Next to this species 
some other species have been described: S. cuddalorense 9 , 
T. albertense 10 , T. drumhellerense, T. antiquum 1 . The 
differences are very often small and it is conceivable 
that the study of more material will reveal overlapping 
characters, resulting in the unification of some of these 
species to one. A study of wood remains from the 
Santonian (Upper Cretaceous) Aachen Formation of 
Northeastern Belgium and adjacent South Limburg (The 
Netherlands) reveals that most of the wood remains are 
to be assigned to T. gypsaceum" (Table 3). The diffe¬ 
rences in materia] from Cretaceous and Tertiary deposits 
are very small and there is no reason to place this 
material in a different species. In the same deposits a 
cone was found showing some affinity to those of recent 
Sequoiadendron. Also in the literature, only cones more 
or less comparable with those of Sequoiadendron or 
Athrotaxis are described. It is probable that wood and 
cone from the Aachen Sands belong to the same 
botanical species, but this is by no means certain. The 
T. gypsaceum from this study, though clearly belonging 
to this ‘wood’ species, shows some differences in the 
material from Tertiary deposits in its smaller-bordered 
pits and smaller-cross-field pits. The size of the latter 
is comparable with that of the recent Sequoiadendron 
giganteum, however the border-aperture relation is 
slightly different, and the bordered pits are clearly 
smaller in the fossil wood. 

In most cases, the pith consists of parenchymatous 
tissue, just like the pith of the modern Taxodiaceae. In 
one specimen however, the pith contains transverse discs 
of sclerenchymatous material. It is clear that this speci¬ 
men should be another member of the highly variable 
family of the Taxodiaceae. 

Thus in conclusion, T. gypsaceum has to be compared 
with at least two ‘botanical’ species during the Tertiary, 
and at least with a different one, possibly more, during 
the Cretaceous, as several genera were present: Sequoia, 
Parasequoia, Geinitzia, Athrotaxis, etc. 


For the student of fossil wood this is possibly not 
very new, however, it is clear that in the case of T. 
gypsaceum it is impossible to reconstruct anything con¬ 
cerning vegetation from the wood alone. One Sways 
wants some knowledge as to the number and nature of 
‘botanical’ species that were present in the associated 
deposits. 


Note added in proof 

In the time between the submission of the paper and 
the acceptance of it, it became clear that Athrotaxis 
(Sequoia) couttsiae was still extant in W. Europe (Pingen, 
M„ Documenta naturae, 1994, 84, 24-30) during the 
Young Miocene. It was even locally a dominant species 
in boggy circumstances, leading to a thin brown coal 
band in a river channel. However, the bulk of the brown 
coal in this region was produced by various vegetations 
in some of which Sequoia abietina was present and 
not, as far as we know, Athrotaxis couttsiae. So the 
gist of this paper remains the same. 
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Evidence for hydrothermal activity in the 
Andaman Backarc Basin 

P. S. Rao, K. A. Kamesh Raju, T. Ramprasad, B. Nkgender Nath, 

B. Ramalingeswara Rao, Ch. M. Rao and R. R. Nair 

Geological Oceanography Division, National Institute of Oceanography, Dona Paula, Goa 403 004, India 


Multibeam bathymetric, magnetic, gravity and seismic 
surveys revealed a complex morphotectonic fabric of 
the Andaman Backarc Basin with a spreading ridge, 
several seamounts and faults. The ridge trending 
SW-NE direction is segmented and shows variations 
in topography, magnetic and gravity anomalies and 
seismic structure. The spreading ridge comprises of an 
inactive northeastern segment and an active south¬ 
western segment. Sampling in the rift valley of the 
active ridge segment and in a crater of a seamount 
yielded volcanic rocks which contain vent-like features, 
broken parts of chimney structures and rocks with 
disseminate and vein-type metal sulphides. These 
assemblages, together with the presence of pyrite 
clusters in the form of rods and irregular lumps in the 
sediments, are interpreted as evidence for hydrother¬ 
mal activity in the region, related to backarc spreading 
and associated volcanism. 


Seafloor hydrothermal mineralization results from the 
dynamic interaction of heat and chemicals between the 
lithosphere and the seawater at plate boundaries and 
intraplate volcanic centres. Since the discovery of metal¬ 
liferous muds in the Red Sea 1,2 , search for seafloor 
hydrothermal mineralization was focused at the mid- 
oceanic ridge systems and several active and relict 
hydrothermal fields have been located 3 . The recent drill¬ 
ing into an actively forming massive sulphide deposit 
in the TAG hydrothermal field of Mid-Atlantic Ridge 
provided information on the processes of metal- 
logenesis 4,5 . Backarc basins are also considered 
favourable for the formation of hydrothermal minerals, 
as the spreading process is believed to be similar. 
Recently, massive sulphides and other hydrothermal 
minerals have been discovered at some of the backarc 
spreading centres and oceanic trenches (Okinawa 
Trough 6 , Lau basin 7 ’ 8 , North Fiji Basin 9,10 ). 

The tectonic situation conducive for hydrothermal 
mineralization in backarc basins arises from a combina¬ 
tion of spreading, rifting, faulting and shearing. The 
Andaman Basin is an evolving backarc basin with a 
spreading ridge and strike slip faults. The recent volcanic 
eruptions at the Barren Island, which is a part of the 
Andaman Arc system, further confirms the tectonic activity 
in the region. This led us to take up geological and 
geophysical investigations in the Andaman Backarc Basin. 
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The Andaman Basin extends from Myanmar in the 
north to Sumatra in the south and Malay Peninsula in 
the east to the Andaman and Nicobar islands in the 
west (Figure 1). Deeper parts surrounded by Malay 
continental margin, Irrawaddy delta and eastern slope 
of Andaman Nicobar Ridge form Central Andaman Basin 
(CAB). Important physiographic features in the CAB 
are Central Andaman Trough, Sewell Seamount and 
Alcock Seamount 11 . The bathymetry of the basin sig¬ 
nificantly controls the sediment deposition. Curray 
et at. 12 reported a spreading centre in the Central 
Andaman Trough. To evaluate detailed morphology and 



Figure 1. Map showing the study area (hatched) and general physio¬ 
graphy of the Andaman Basin. 
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associated tectonic features of the CAB, we have carried 
out multibeam bathymetric, magnetic, gravity and seismic 

S z"ZZ S C ° J Vermg an area of about 30,000 km 2 between 
8 30 N and 11 40'N latitudes and 93°34'E and 95°29'E 

ongitudes. Besides, seabed samples were collected at 
selected locations to ascertain the presence of hydrother¬ 
mal activity. Here, we present the initial results of two 
cruises (SK-89, January 1994; AAS-11, April 1995), which 
show the evidence for hydrothermal activity in the region. 

Bathymetry 

The multibeam bathymetric system (Hydrosweeo) 
operates at 15.5 kHz frequency and has a swath coverage 
equal to twice the water depth 13 . The average depth in 
the region varied from 2000 to 4100 m. Therefore multi¬ 
beam swath bathymetric data have been acquired using 

e “r ng ° f 3 '°r UtiCal miIeS in order t0 thieve 
near 100% coverage of the survey area. Major morpho- 

tectomc features of the Andaman Backarc Basin have 
been delineated based on the multibeam swath bathy¬ 
metric data. The area surveyed represents a complex 
topography, depicting the volcanic arc system and the 
backarc spreading ridge (Figures 2 a and b ). Several 
seamounts with heights ranging from 500 to 2000 m 
are mapped near the volcanic arc region. These seamounts 
form a chain parallel to the island arc system in the 

Tf N s / nT SUrVCyed iS transected by a number 

is We t S fr 2a l Pr ° minent am ° ng the fauIts 
the West Andaman fault represented by a steen 

gradient in the bathymetric contours with a down throw 

&£? 24 J >0 o “• The other ma j° r faults are at 94”E 
94 10 E and 94 25 E longitudes (Figure 2 a) The ex- 

nodced" 3 1 thC A ' C ° Ck and the Sewe11 seamounts are 
not ced in the north and south respectively towards the 

eastern part of the study area. The bottom topography 

is smooth in the northeastern portion of the area due 

to the rapid sediment deposition from the Irrawaddy 

rrver A trench of about 500 m deep is conspicuous in 

. ■ ' , ° h f erW1Se , flat to POgraphic region. This feature con¬ 
tinues toward southwest for about 163 km and cor- 

oSsct Tb- the A !! daman BaCkarC S P readin g Centre 
(AbtsC). This is characterized by a broad 12-15 km 

lsolated^rift valley in the northeast and a narrow 8-9 km 

wide, shallow rift valley in the southwest. The ABSC 

is segmented at 94°21'E longitude and the segmentation 

is marked by localized broadening of the rift valley 

defined by near circular-shaped isobaths. The offset " 

between the northeastern segment (NES) of the rift 

n 8 e L an TK the -r° Uth r Stern SSgment (SWS ) is ^out 

1.8 km. The rift valley in the NES is well defined 
with a smooth rift valley floor and along the SWS it f 

is narrow and rugged. The SWS of the spreading centre b, 

]no aS t S n OC 9 nn d Wdh ° ff " aX,S bathymetric highs of about f 
1UU to 200 m. tr; 


Gravity and magnetic data 

hfagnetic and gravity data are acquired along with the 
multibeam bathymetry. Highly variable magnetic signa¬ 
tures both in terms of the amplitude and frequency are 
noticed in the study area. Particularly interesting is the 
magnetic anomaly signature associated with the ABSC 
(Figure 3). The anomalies along the NES of the spreading 
centre are remarkably smooth and symmetric seafloor 
spreading anomalies are absent. Whereas the SWS of 
the spreading centre has displayed high amplitude 
anomalies which are analogous to the seafloor spreading 
ype anomalies. Free air gravity in general followed the 
ottom topography. A consistent low of about 30 mGals 
is observed along the NES of the spreading centre 
(Figure 3). The N-S trending faults are well documented 


94 30 E 


alcock 

SEAMOUNT 

v* 0 ' 





o/SEWELL 
o° SEAMOUNT 


LEGEND 


Seamount £ l 
/ FauLt V 

'v'LRift valley 

-F Bathymetric contour (meters) 
Study area 
□ Dredge Location 
• Core Location 



bafhvmefrv „ V m0r P hotectonic features delineated from multibeam 

the Wes AnZ,' y ’ ? a f et ^ ^ S6ismic refle «ion data. WAF denotes 

trackTof H A ' S ° Sh ° Wn the sam P Iin S locations and 

T W 2 a f" d T agn6tiC Pr ° files AA ' BB ' seismic actions 
aa » DD analysed for this study. 
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Figure 2 b. Sun-illuminated three-dimensional digital terrain model of a part of the area generated from multibeam swath bathymetric data. 
The seafloor depth is colour coded: dark green is the deepest (4350m) and red is the shallowest (1525 m). The active segment of the spieading 
centre is seen as a V-shaped linear trough in the middle with off-axis highs and surrounded by prominent seamounts. 


in both magnetic and gravity signatures. Preliminary 
model studies have enabled identification of seafloor 
spreading-type anomalies in the SWS of the spreading 
centre. Anomalies 2, 2A and 3 are distinct along the 
line BB' (Figure 3) over the active segment. The oldest 
identifiable anomaly in this region is 5A, which cor¬ 
responds to an age of about 11.55 my (ref. 14). The 
average half spreading rate computed is about 1.86 cm/yr 
and comparable with the results of Curray et al . n . The 
topographic fabric and the magnetic signature associated 
with the SWS of the rift valley appears to be a manifes¬ 
tation of a probable evolving new rift. These observations 
indicate that the SWS of the spreading centre is presently 
active and the NES is inactive. 

Seismic data 

Single channel air-gun seismic reflection data have been 
acquired in the study area. The seismic lines were 
planned across the active and inactive segments of the 
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spreading centre and a seismic line was shot along the 
axis of the rift valley. The seismic records across the 
active and inactive segments have shown distinct varia¬ 
tions in the sedimentation pattern and thickness 
(Figure 4). Across the inactive segment, a thick pile of 
sediments is present over the flanks of the rift valley. 
The deepest reflector in this region is found to be at 
about 5.08 s (TWT). The sediment thickness is about 
1.23 s (TWT), which translates to about 1.8 km con¬ 
sidering an average velocity of 3000 m/s. Near sym¬ 
metrically spaced upturned sequence of reflectors are 
seen on either side of the inactive segment (NES) of 
the rift valley. The rift valley floor is filled with 
sediments about 0.6 km thick, which are seen as sub¬ 
parallel reflectors extending up to 5.4 s (TWT) on the 
seismic section (Figure 4). 

The seismic section across the rift valley of the active 
segment (Figure 4) depicts thin or no sediment cover 
within the rift valley floor. Strong hyperbolic reflectors 
seen over a short distance within the rift valley over 
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the intra-valley high probably indicate an evolving crust 
in the region. 


Seabed samples 


Sampling stations were selected based on local topo¬ 
graphy and tectonic features delineated by the integrated 
analyses of multibeam bathymetry, magnetic, gravity 
and seismic data. Dredging was carried out at 16 stations 
along the axis and flanks of the rift valley, on the fault 
planes and on the seamounts (Figure 2 a). Table 1 gives 
details of sample location, water depth and sample 
description. The rocks collected from the rift valley are 
fresh and altered basic igneous rocks and comprise of 
massive, vesicular and ropy lava types and breccia. 
Petrographic observations suggest that the rocks are 
mainly basalts/olivine basalts. However, a dredge haul 
from a fault plane (station 2A) brought tholeiites 
(plagioclase and pigeonite augite). Some of these rocks 
have thin manganese oxide coatings and often exhibit 
alteration rims. Dredging on a seamount north of the 
active ridge segment (station 13) yielded large quantity 
of fresh and altered pumice and no other rock types. 
Recovery of various types of rocks, ranging from acidic 


2000 


4000 


DISTANCE (Km) 


Figure 3. Bathymetric, magnetic and gravity profiles over inactive 
(AA) and active (BET) segments of the spreading centre. Arrow denotes 
the rift valley. 


Figure 4. Seismic sections across inactive (an') and active (bb') segments of the spreading centre. 
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Table 1. Details of dredge samples 


Dredge Geological Water 

station no. setting depth (m) Sample description 


1 

Fault plane 

3137-3219 

2 

Fault plane 

2972-2995 

2A 

Fault plane 

3031-3152 

3 

Seamount 

792-831 

3A 

Seamount 

691-1016 

4 

Fault plane 

2951-2968 

5 

Seamount 

1628-1631 

6 

Seamount 

crater 

1638-1646 

7 

Fault plane 

1884-2472 

8 

Rift valley 

3677-3765 

9 

Rift valley 

3353-3386 

10 

Rift valley 
axial high 

2929-2979 

11 

Rift valley 

3286-3346 

12 

Off-axis 

2635-2970 


seamount 


13 

Seamount 

1615-1710 

14 

Outer flank 
of rift valley 

2510-3148 

15 

Inner flank 
of rift vall&y 

3181-3184 

16 

Inner flank 
of rift valley 

3598-3805 

16A 

Inner flank 
of rift valley 

3256-3539 


No recovery 
No recovery 

Weathered and fresh olivine basalts, tholeiites, 
porphyritic and glassy to cryptocrystalline. Some 
rocks are coated with Fe-Mn oxides 

No recovery 
No recovery 
Sediment 
No recovery 

Large chunks of dark and light-coloured rocks, 
angular to sub-angular and sub-rounded. Part of 
talus, mostly pyroclastic. Some rocks have 
disseminated and vein-type metal sulphides 

Fine grained reddish brown hard clay stones and 
feldspathic sand stones 

Fresh, porphyritic olvine basalts with glassy top. 
Some rocks show zonation rims 

Massive, vesicular basalts. Fragments of chimney- 
like feature. Occasionally Fe-Mn oxide preci¬ 
pitates are seen 

Ropy lava, vesicular basalts, rock with vent-like 
openings. Some rocks show yellowish tinge 

Ropy lava, vesicular basalts, rocks with iron 
oxide coatings 

Sediment 

Fresh and altered pumice. Some pumice are 
coated with Fe-Mn oxides 

Pumice and weathered basalts 

Layered and consolidated sediments; Fe-Mn 
oxide coatings 

No recovery 

Ropy lava, agglomerate type rocks, vesicular 
basalts. 


(pumice) to basic nature may indicate either different 
episodes of volcanic activity or the inhomogeneous 
nature of the melt. 

Of particular interest is the presence of fragments of 
chimney-like structure and a large rock with holes 
(Figure 5), collected from the axis of the rift valley 
and a 200 m axial high respectively (stations 9 and 10). 
The chimney fragments are semicircular with varying 
lengths and appear to be part of a pipe-like structure. 
By extrapolating the curvature of the fragments, we 
deduce that the inner diameter of the pipe was about 
8 cm before fragmentation. Morphologically the frag¬ 
ments have a very rough, shiny black fragile outer 
surface and hard, dull inner surface with zonation. The 
inner surface has a lining of secondary formations 
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probably formed under different temperature and cooling 
conditions. Deposition of manganese and iron oxides is 
noticed occasionally on the inner surface of the pipe 
fragments. The holes in the rock from the axial high 
are 3-5 cm in diameter, continuous, interconnected and 
appear to be conduits for the passage of solutions. The 
inner wall of the passages is similar to that of the 
fragments described earlier, and probably formed under 
similar conditions. Patches of thin layer of sediments 
are deposited in the passages at certain places. The 
presence of sediments in the conduits of the rock and 
manganese and iron oxides orr the inner walls of the 
chimney fragments suggests that these were part of a 
vent system which was active in the past. 

Dredging in the crater of a seamount, south of the 
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Figure 5. a. Volcanic rock dredged from the active ridge segment 
showing vent-like openings, b , Part of a chimney-like feature recovered 
in a dredge haul from the active ridge segment, c , A 3.4-cm long 
pyrite rod recovered from a sediment core (GC-5) adjacent to the 
active ridge segment. 

rift valley (station 6) yielded light, grey and dark 
coloured angular and subangular rocks which are part 
of talus. Microscopically, some of these rocks are very 
fine grained with 60 to 70% glass, little quartz and 
calcite phenocrysts. Several rocks from this location 
contain disseminated and vein-type shiny particles. 
Microscopic observation of these particles reveals that 
they are metal sulphides, mostly in the form of pyrite 
(Figure 6). X-ray back scatter images of the shiny 



Figure 6. Reflected light photomicrograph showing euhedral pyrite 
grains (uncrossed x 100). 

particles confirm that they are iron sulphides embedded 
in silicate matrix. The veins appear to be fracture fillings 
of hydrothermal precipitates. 

Heavy metalliferous rods and lumps admeasuring 2-3.5 
cm (Figure 5) were recovered in the sediments adjacent 
to the active segment of the rift valley (station GC-5). 
X-ray diffraction analysis (CuKa target, 2°20/min) 
revealed that these objects consist of pyrite and no other 
mineral phase. Further chemical analysis and SEM ob¬ 
servations confirm that the metalliferous lumps are devoid 
of other minerals except pyrite. 

Concluding remarks 

Based on multibeam bathymetry, gravity, magnetic and 
seismic data, an 80 km long active spreading centre and 
several submarine volcanoes and seamounts have been 
delineated in the Andaman Backarc Basin. Sediment 
and rock samples in the vicinity of the active spreading 
centre and a cratered seamount revealed the presence 
of pyrite lumps, disseminated vein-type pyrite and rocks 
with vents and chimney fragments. These findings are 
clear evidences for hydrothermal activity in the region. 
A detailed multi-disciplinary study, supported by deep- 
sea photographic survey and close grid sampling is 
planned to delineate the extent of hydrothermal 
mineralization in the Andaman Backarc Basin. 
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Palaeoseismic indicators in the rupture zone 
of the 1993 Killari (Latur) earthquake 

C. P. Rajendran, Kusala Rajendran, K. R. Unnikrishnan and Biju John 

Centre for Earth Science Studies, P.B. No. 7250, Thiruvikkal P.O., Akkulam, Trivandrum 695 031, India 


The 1993 Killari (Latur) earthquake in Maharashtra 
has provided a rare example of surface rupture in the 
Precambrian shield. No historic seismic events of 
comparable magnitude have been recorded in Killari. 
However, deep trenching in the 1993 rupture zone 
revealed deformational structures consisting of thrust 
sheets possibly related to previous faulting. These 
structures indicate that the 1993 event was indeed 
preceded by earthquakes in the recent geologic past. 
Our studies also indicated an obsequent fault-line 
scarp, aligned with the current rupture zone. The 
morphological features in the area suggest mass 
removal of the upper part of the hanging wall, that is 
on the southwestern side of the rupture, aided by the 
highly crushed nature of the rock and high rate of 
weathering. Our observations imply a long recurrence 
interval of seismic events in the epicentral area of the 
1993 earthquake. _ 


The Killari earthquake (m b = 6.3) of 30 September 1993 
occurred in a part of the stable continental shield of 
peninsular India (Figure 1), and is one of the most 
damaging and rare midplate earthquakes in history. A 
common global feature of the intracratonic seismicity 
is that they do not seem to exhibit well-defined spatial 
and temporal patterns. Previous studies have not been 
conclusive enough to understand the recurrence pattern 
of such earthquakes. For example, field studies in the 
interior of Australia show that earthquakes in shield 
areas are generated on suitably oriented discrete faults 1 . 
Alternatively, another set of data implies activation of 
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new faults as the causative mechanism of some of the 
earthquakes within the continental crust 2 . In this back¬ 
ground, the Killari event is of greater significance in 
that it provides an opportunity to learn about the rarely 
occurring cratonic earthquakes. Further, from the point 
of view of the seismic hazard assessment, a key question 
addressed here is whether this event had any association 
with a preexisting fault. 

The Killari earthquake occurred in an area, zoned as 
having the least seismogenic potential, and considered 
to be devoid of any neotectonic activities and significant 
historic seismicity. It is located near the eastern margin 
of the late Cretaceous-Eocene basalt flows (Deccan 
Traps). The basalt flows in Killari, estimated to be 
several hundred meters thick (~ 450 m), are presumably 
underlain by Precambrian granite-gneiss. Although, in 
general the terrain is flat, the Bouguer anomaly map 
of the area 3 indicates an uneven basement, marked by 
bedrock ridges and basins. The flows are of varying 
thickness and are occasionally separated by layers of 
red bole. Red boles are believed to be hydrothermally 
altered basalts, reddened by the succeeding flow. They 
remain as hard rocks as long as they are not exposed, 
but rapidly disintegrate to red clay upon exposure. The 
flows in the area, composed of both compact and 
amygdaloidal basalts, are highly weathered. The exfolia¬ 
tion and associated ‘onion-skin’ fractures are most com¬ 
mon on the upper part of the flows. Fairly large deposits 
of alluvium are present along some of the river valleys. 

Whether or not Deccan Traps are affected by the 
basement faults is controversial among the Deccan Trap 
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Figure 1. Map showing aftershocks in Killari area (data source: India Meteorological Department) 
Beachball represents fault plane solution of the main shock. The straight arrows indicate inferred 
a, direction. Dashed lines with teeth shows the postulated fault. Inset on the top left shows the 
magnification of the area marked by a square in the middle. 


geologists 4 . In some of the reports 5 on the Latur earth¬ 
quake, the authors are of the view that the Trap rocks 
in Killari have not been affected by the 1993 earthquake. 
These workers believe that the basement fault has not 
propagated through the Trap rocks. Ground check of 
the lineaments obtained from the remote sensing data 
in the Killari area by them showed that these lineaments 
generally conform to the stream courses, and do not 
seem to have any relation to faulting. These observations, 
however, need to be amended in the light of our findings, 
which is the subject matter of this article. Our results 
show that the trap rocks in the Killari area have indeed 
been affected by the seismic events and are characterized 
by a unique pattern of deformation. 

The initial attempts at trenching by Seeber et al. 6 in 
the rupture zone (Figure 2) clearly showed the displace¬ 
ment of soil-rock interface with a reverse sense of 
throw (see Figure 5). This unequivocally proved that 
the basalt flows have been affected by style of faulting 
of the 1993 earthquake. Furthermore, the helium degass¬ 
ing observed in the rupture area 8 suggests that the 
deformation recorded here is related to the processes in 
the deeper levels of crust. However, the trenches which 
were dug to a depth of 1 m failed to reveal the palaeoseis- 
mic structures 67 . Thus, the apparent lack of preexisting 
structural anomalies and absence of definitive 
stratigraphic evidence of previous faulting in the epi- 



Figure 2. Sketch of the central part of the rupture zone near Talni. 
Arrows indicate a, direction, ‘x’ shows location of the profiles. D-D" 
shows the direction of the profile taken diagonally, which is shown 
in Figure 4. 

central area compelled Seeber et al. 6,1 to describe the 
Killari earthquake as fresh event on a new fault. The 
question addressed in our investigations was whether 
there is any evidence of repeated activity in the rupture 
zone. Here we present our salient observations which 
suggest previous deformation in the epicentral area of 
the 1993 earthquake, and discuss its implications. 
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Rupture zone 

A 500-m-long, 100-m-wide rupture zone was located 
near the village Talni, about 4 km north west of Killari 
(see Figure 1 for location of Talni). The rupture zone 
consists of discontinuous and opposite vergent scarps 
(Figure 2). Scarp heights are typically 45-50 cm; the 
maximum height is ~ 80 cm. This complex rupture 
pattern has a dominant ENE-WSW trend. The escarp¬ 
ment consists of two parallel scarps and a raised 
broad ridge between them. Indication of strike-slip 
motion (maximum horizontal displacement ~ 70 cm) 
can be discerned on the eastern and western sides of 
the rupture zone. The rupture zone is also marked by 
open fissures and ground cracks. The trace of this 
zone probably extends discontinuously up to Talni in 
a WNW direction, including an uplifted area associated 
with the 1993 event 9 . 

The focal mechanisms indicate reverse faulting on 
a NW—SE striking nodal planes with one of the nodal 
planes dipping 40° to the southwest 10 . This suggests 
that the south-west block (hanging wall) in the rupture 
zone has been thrusted onto the north-east block 
(footwall). Accumulated vertical slip in the normal 
course should have developed a topographic high on 
the southwestern side. Interestingly, what is present 
in the area is a topographic high towards the footwall 
on the north-east, which is opposite to the expected 
tectonic effect. 

In order to constrain the topographical characteristics 
of the area, a number of elevation profiles were taken 
across the rupture zone, using digital theodolite and 
electronic distance meter. The most representative of 
the eleven profiles is shown in Figure 3. A notable 
morphological feature of these profiles is that the hanging 
wall block of this fault occurs at a lower elevation, in 
spite of it being overthrust onto the footwall block on 
the northeastern side (Figure 4 a). We interpret this to 
be the result of repeated thrusting from the south, which 
must have left this block highly crushed and fragmented, 
facilitating erosion, in contrast to the footwall which is 
more compact and massive. These processes may have 
resulted in preserving an obsequent fault-line scarp (Fig¬ 
ure 4 b ). Our observations are also consistent with the 
features exposed in the deep trench which will be 
discussed later. Our observations suggest, somewhat 
tangentially, that during the periods of long interseismic 
quiescence, most geomorphologic expressions got washed 
away, leaving little evidence of any previous activity. 
This aspect of tectonically produced landscape, out¬ 
stripped by more vigorous erosional processes is a major 
constraint in the development of geomorphic expression 
of faults in the intracratonic settings, as also observed 
in other stable cratons 1,11 . 


Trenching 

Several teams of investigators have attempted trenching 
in the rupture zone. And, all of these attempts were 
restricted to a depth of 1 m. These shallow trenches 7 
exposed a reverse sense of throw and a south dipping 
fault (Figure 5); but did not reveal any past offsets 6 . 
According to Seeber et al , 6,7 the mode of faulting 
observed in these trenches was influenced by the 
geometry of the preexisting exfoliation fractures. They 
observed two kinds of fractures: the larger vertical ones 
in the north-northeast direction in the direction of shor¬ 
tening, which were interpreted by them as extension 
fractures parallel to the direction of maximum compres¬ 
sive stress and the second group was interpreted by 
them to be exfoliation fractures related to weathering, 
and were parallel to the rock-soil interface. The sense 
and amount of rotation of the fragments from their 
original position in the exfoliation structure seems to 
align with the 1993 deformation. Seeber et al? however, 
did not see any evidence of ‘pre-1993 deformation along 
any of the 1993 fault, as in the form of slickensides, 
concentrated zones of weathering or mineralization’. 
Thus, they concluded that the 1993 rupture developed 
on a new fault or a fault with no substantial neotectonic 
displacement. 

A trench measuring 5 m long, 2 m wide and 2 m deep 
was dug across the rupture zone (N20°E) close to the 
western end (Figure 6). The trench exposed basalt flows 
belonging to various generations, fragmented and dis¬ 
turbed by later processes, and presented a highly complex 
picture 12 . We present here an account of the structures 
observed in the trench and reconstruct a scenario for 
their formation. Several structures, including a low angle 
(~ 15°) south-west dipping thrust fault were exposed 
on the southern wall. From the disposition of the struc¬ 
tures, it was clear that the southwestern block had been 
thrusted onto the northeastern block (Figure 6). The 
shear planes and the rock layers showed the same dip 
angle (~ 15°). In contrast, the northern wall, although 
highly compressed and buckled, consisted of north-east 
dipping layers of basalt. Presence of both vertical and 
south-dipping mineralized veins was observed on the 
walls. The rock fragments exposed on the northern 
wall were larger (> 8 cm) in comparison to the highly 
crushed basalt of the southern block. In addition to the 
multiple thrust sheets, a layer of highly flexured and 
fragmented reddish basalt, which did not show any 
offsets, was exposed at the base of the trench (Figure 
6). The trench walls also showed a wide impact zone 
around the thrust sheets, comprising minute fragments 
embedded in yellowish and whitish clay. 

The structures revealed on the trench walls were 
dominated by multiple thrust sheets (Figure 6). Even 
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Figure 4 a, b. a, Topographic profile taken diagonally across the 
rupture zone. Profile taken along D — D". See Figure 2 for profile 
location, b , A schematic diagram of the fault-line scarp. Note the 
topographic low on the southwestern side. 
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though the older structures were highly weathered, the 
outline of at least one older thrust sheet was clear. The 
topmost thrust sheet which appears fresh and less 
weathered may be associated with the 1993 event, and 
those just below may be related to previous earthquakes. 
Around the folded nozzle, highly weathered, and crushed 
rock, probably representing the fault gouge of an older 
event was found. Freshly formed fault gouge was also 
observed, along with the older yellowish and reddish 
coloured gouge. Some of the' shearing planes were filled 
with the crushed rock material. The recent movement 
had crushed the rocks further and accentuated shear 
planes that must have formed during the previous events. 
The thrust sheets had obviously propagated along the 
layer of underlying reddish basalt, which probably acted 
as a detachment surface (decollement). An analogy may 
be made here to fault-bend or fault propagation folds 
where the thrust sheets move over the weaker rock 
layers 13 . These thrusts generally propagate along the 
detachment surfaces which define bedding planes, and 
are also called as bedding thrusts. 

The presence of thrust sheets from earlier deformation 
below the 1993 event horizon suggests repeated activity 
on a preexisting fault. The minimum age of the penul¬ 
timate faulting cannot be estimated by direct methods, 
as no organic materials were present in the trenches. 
The subdued topography and the erosional scarp in the 
rupture zone are suggestive of erosion of the previously 
formed fault ramp and long recurrence interval (of the 
order of hundreds of thousands of years) of slip 
events. 


Figure 5. Shallow trench showing the 1993 fault (Seeber et al . 6 ). 
See Figure 2 for the location, denoted as TS. 



Figure 6. Eastern wall of the deep trench across the rupture. See 
Figure 2 for the location, denoted as TR. A, reddish basalt; B, older 
thrust sheet; C, recent thrust sheet; D, yellowish-coloured fault gouge; 
E, foot wall; F, soil. 


Discussion 

Our analyses suggest that the Killari earthquake occurred 
in a region of previous seismic activity. The structures 
exposed on the trench walls indicate repeated thrusting 
related to previous faulting. If pattern of deformation 
observed in the trench is of any indication, then much 
of the near-surface deformation in the Killari area will 
be in the form of a parallel folding which is typical 
of contractile regions 14 ' 15 . In this type of deformation, 
stack of competent beds, interlayered with incompetent 
layers (e.g. red bole layers) is end loaded and the 
competent beds buckle by slip on mechanically weaker 
bedding surfaces separating stiffer beds 16 . The challenge 
in these areas, that are characterized by very long 
interseismic period, is to differentiate original deforma- 
tional structures on the rocks from other extraneous 
features superimposed by the weathering and erosional 
processes. As there are no aseismic mechanisms that 
can explain the generation of these type of structures, 
the folds and flexural bends and the associated structures 
may provide clues to the underlying fault that might 
otherwise remain unobserved 17 . Most importantly, iden- 
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tification of similar structures in the region will be 
helpful in the recognition of seismic source zones. 

The subdued topography in the rupture zone area is 
suggestive of erosion of the previously formed fault 
scarp, which indirectly points to a long recurrence 
interval of slip events. Our study confirms that the 
Killari event is a typical case of reactivation of a 
segment of an ancient fault zone, where repeated ac¬ 
tivities with long intervals have occurred. 
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Radiation effects and radiation damage; Spent fuel and radio¬ 
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Contribution of mesospheric ozone 
variability to the diurnal asymmetry 
in D-region electron density* 

T. Arunamani, T. S. N. Somayaji and 
D. N. Madhusudhana Rao 

Department of Physics, Andhra University, Visakhapatnam 530 003, 
India 

Numerical calculations based on a one-dimensional 
time-dependent minor neutral constituent model 
coupled with an appropriate ion-chemical scheme 
showed that an asymmetry exists in the diurnal 
variations of electron density as well as ozone con¬ 
centrations in the mesosphere. The striking similarity 
between the diurnal variations of the two species 
suggests that ozone plays an important role in the 
D-region ion-chemical scheme and contributes sig¬ 
nificantly to the diurnal asymmetry in D-region 
electron density. 

The asymmetry in the diurnal variation of electron 
density in the D-region of the ionosphere is one of the 
important problems awaiting satisfactory explanation. 
Rocket as well as ground-based (partial reflection and 
cross-modulation) measurements have shown that after¬ 
noon electron densities are generally greater than 
forenoon values for the same zenith angle 1 " 3 . Diurnal 
variation of radio wave absorption too shows a similar 
feature 4 . Greater morning values of electron density have 
also been observed occasionally 4,5 . The principal source 
of ionization in the D-region, nitric oxide (NO), owing 
to its long lifetime, is not expected to exhibit any 
diurnal variation. In the absence of any change in 
production due to NO, Chakrabarty et al. 6 sought to 
explain the diurnal asymmetry in terms of a probable 
asymmetry in temperature affecting the chemical loss 
rates. However, as pointed out by Chakrabarty et al\ 
it is doubtful whether such an asymmetry exists in 
the diurnal variation of temperature in the meso¬ 
sphere. 

Recently, the role of ozone in influencing the ionization 
balance and variability in the mesosphere is being in¬ 
creasingly demonstrated. For example, Arunamani et al? 
observed similarities in the seasonal variation of LF 
propagation parameters and ozone concentrations. Fur¬ 
ther, not very long ago, model studies 8,9 showed that 
ozone concentration, besides exhibiting a day to night 
change, varies in the course of a day at mesospheric 
altitudes. In the light of these observations, we report 
here the results of a study of the diurnal variation of 
electron and ozone concentrations in the D-region basing 
on minor neutral species concentrations derived from a 

♦Paper presented at the 8th National Space Science Symposium (NSSS- 
94) held at VSSC, Trivandrum, India. 


numerical one-dimensional time-dependent model of the 
upper middle atmosphere. 

Somayaji and Arunamani 10 developed a one-dimen¬ 
sional time-dependent minor neutral constituent numeri¬ 
cal model which gives the vertical distribution of 
odd-oxygen, hydrogen and nitrogen species in the 60-120 
km range. In order to obtain the electron density profiles, 
the ion chemical scheme of Reid 11 has been used in 
conjunction with the above neutral minor constituent 
model. The required radiation fluxes, ionization and 
absorption cross-sections of a variety of member species 
have been taken from the literature 12 . The model cal¬ 
culations give ion and electron concentrations and their 
vertical distributions at different times of the day. The 
results pertain to equinox at low latitudes for solar 
minimum conditions. 

Electron and ozone concentrations at different heights 
in the D-region as a function of solar zenith angle are 
shown in Figure 1. The dissimilar forenoon and afternoon 
variations of these two species concentrations establish 
the asymmetry about noon. The concentrations of both 
species in the afternoon are smaller than the forenoon 
values at 78 km and below. On the other hand, the 
afternoon concentrations are greater than the forenoon 
values above 78 km. The asymmetry in the diurnal 
variation begins to weaken at around 84 km and above 
90 km there is no evidence of asymmetry. The striking 
similarity between the diurnal variations of electron and 
ozone concentrations shows that ozone plays an important 
role in the D-region ion-chemical scheme. It is useful 
to examine this in some detail. 

It is well known that besides NO, the metastable 
oxygen molecule, 0 2 ( l \), is an important source of free 
electrons in the D-region 13 . The 0 2 ( l A g ) is produced by 
photodissociation of ozone: 

<310nm . 

0 3 + hv -> 0 2 ( A g ) + 0( D ). 

The 0 2 ( 1 A g ) contributes to free electrons not only through 
photoionization 


but also through electron detachment: 

O' + O/Ap e + 20,. 

Further, atomic oxygen produced by photodissociation 
of ozone contributes to free electrons through the fol¬ 
lowing associative detachment reactions: 

O^ + O -> 0 3 + e and 
O" + O —^ 0 2 + e. 

Thus, a variation in ozone concentration leads to a 
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similar variation in electron density. The asymmetry 
observed in numerically calculated O* concentrations 
shown in Figure 2 (which also shows the zenith angle 
variation of the total negative ions) lends support to 
this argument. 

Besides photo-chemical processes, dynamical forcing 
arising from winds and tides are expected to influence 
the diurnal variability of species concentrations in the 
mesosphere. Bjarnason et al . [4 developed a one-dimen¬ 
sional mesospheric minor constituent numerical model 
with and without including the tidal forcing on vertical 
diffusion. They found that a diurnal asymmetry similar 


to that observed in the one-dimensional model adopted 
by us, exists in the ozone concentrations when tidal 
forcing was excluded. Consideration of the tidal effect 
resulted in an accentuation of the asymmetry. It thus 
appears from the above results that the asymmetry in 
the diurnal variation of mesospheric ozone is an important 
factor contributing to the diurnal asymmetry in the 
D-region electron density. The reversal in the asymmetry 
in electron density, observed at 78 km, from morning 
to afternoon similar to that seen in ozone variation as 
well, is interesting. However, to trace the reasons for 
this involves a detailed study of ozone chemistry and 



Figure 1. Zenith angle variation of ozone and electron concentrations (full line, forenoon; broken line, 
afternoon). 



ZENITH ANGLE ZENITH ANGLE 


Figure 2. Zenith angle variation of 0+ and total negative ion concentrations (full line, forenoon; broken 
line, afternoon). 
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variation in vertical eddy diffusion which is being carried 
out and the results will be published elsewhere. 
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Watermolds: Potential biological 
control agents of malaria vector 
Anopheles culicifacies 

G. S. Bisht*, Chandra Joshi and R. D. Khulbe 

Department of Botany, Kumaun University, Nainital 263 002, India 
*Present address: Vivekananda Parvatiya Krishi Anusandhan Shala, 
Almora 263 601, India 

Leptolegnia caudata and Aphanomyces laevis (Sapro- 
legniales: Oomycetes) were found for the first time 
as naturally occurring parasites of mosquito larvae, 
causing high mortality in Anopheles culicifacies larvae. 
Artificial inoculation under laboratory condition 
revealed L. caudata more pathogenic, caused 100% 
mortality within 7 days of inoculation as compared 
to A. laevis (70% mortality after 10 days). None of 
these is pathogenic to any crop and have no toxic 
effect on aquatic fauna, and thus, can be proposed 
as mosquito control agents, alternative to chemical 
insecticides. Mass culture of these pathogens, 
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preferably L. caudata can be applied in major larval 
habitats for long term, non-hazardous, economically 
sustainable control of malarial vector A. culicifacies, 
thereby malarial transmission. 

Malaria, caused by Plasmodium spp. (Protozoa) is the 
most important insect-transmitted human disease of the 
tropics and subtropics. Two to three million people die 
from malaria each year 1 . In India, more than two million 
clinical cases are reported annually. Of the four recog¬ 
nized human parasites that cause malaria, three (P. 
falciparum, P. malariae and P. vivax ) are found in 
India, and P. falciparum as elsewhere 1 is most perni¬ 
cious 2 , whereas Anopheles culicifacies (Diptera. 
Culicidae) is the most important vector and accounts 
for about 70% malaria cases in the country 2 . 

The super-resistant strains of Plasmodium spp. which 
appeared in Colombia and Thailand in the seventies are 
spreading. Because of these drug-resistant strains of 
parasites and insecticide resistance of the vectors' , 
malaria has posed a renewed threat, and thus has 
warranted research for novel and cost-effective, non- 
hazardous control measures 26 . Besides larvivorous 
fishes 1 ’ 7,8 and nematodes, several species of viruses, 
protozoa and fungi 9 are known to parasitize mosquito 
larvae, but none of these proved efficient as well as 
economical for malaria control 9 . However, Lagenidium 
gigantum, a zoosporic fungus, has been registered for 
its use as a biocontrol agent of mosquitoes belonging 
to genera Anopheles, Aedes, Culex, Culiseta and 
Psorophora n) . In view of the malaria problem, a study 
was conducted to explore pathogenic association of water- 
molds with mosquito larvae in a malaria-prone zone of 
UP hills, in order to exploit it for malaria control. 

Sampling of Anopheles larvae was done during the 
rainy season from irrigation channels, paddy fields and 
from river Gaula, between Haldwani and Santipuri in 
Nainital district, UP (29°55'N and 70”40'E; 400 msl), 
with the technical assistance of Malaria Research Centre, 
Haldwani. Invisible disease symptoms were observed 
with a powerful hand lens and compound microscope. 
Symptomatic/dead A. culicifacies larvae were immedi¬ 
ately brought to the laboratory and the associated fungal 
species were isolated by placing boiled hemp seed 
(Cannabis sativa L.) halves in close contact with larvae, 
treated with 0.01% potassium tellurite solution (v/v) and 
duly rinsed with sterilized water. Fungal species from 
water were isolated by baiting with boiled hemp seed 
halves. Treated larvae were also inoculated onto potato 
dextrose agar media (PDA). The inoculated PDA plates 
and baited petri plates were incubated at 20±1°C and 
the unifungal culture of the pathogen(s) that colonized 
on the baits and on PDA was prepared; purified following 
Raper". Stock cultures were maintained on PDA for 
further investigation. 

Pathogenicity of the isolates was tested under 
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Figure 1. Aphanomyces laevis : a, b , Zoosporangium-releasing zoo¬ 
spores; c, 4, Mature oogonia with antheridial attachment containing 
oospores. Leptolegnia caiidata : e, Zoosporangium-releasing zoospores; 
f,g, Oogonia containing oospores. 


laboratory conditions on A. culicifacies larvae. Two pure 
2-day-old colonies on hemp seed halves (inoculum) of 
the isolates were kept separately in 250 ml beakers, 
containing 100 ml sterilized water and left till 4 days 
for zoosporogenesis. The zoospore concentration of the 
test isolates was maintained at about 7 x 10 3 T l , as 
described by Tiffney 12 , before 20 II instar larvae of the 
test vector from laboratory culture stock were released 
in each beaker. A control without the inoculum was 
also run simultaneously for comparison. Three replicates 
were prepared for each isolate. The larvae were fed on 
a mixture of dog biscuits and yeast tablets (4: 1). 
Mortality was counted after 24 h up to the emergence 
of adult. The pathogen(s) associated with the dead larvae 
was reisolated and compared with the original inoculum. 

Larval mortality was recorded higher in the paddy 
fields than in the other habitats investigated. This can 
be attributed to the high larval density coupled with 
inoculum (zoospores) accumulation in the field (zoospore 
density 5-15 x 10 3 1" 1 ). Mycelial growth was apparently 
visible on a few larvae. 



Figure 2. Mycelium- and zoosporangium-releasing zoospores; a, Aphanomyces laevis and b , Leptolegnia cauclata. 
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Table 1. Pathogenicity of Leptolegnia caudata and Aphanomyces laevis on Anopheles culicifacies larvae 


Fungal 

species 



Percentage of mortality after days 



Pupal 

emergence 

(%) 

Adult 

emergence 

(%) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

L. caudata 

' 32 

53 

60 

72 

85 

87 

100 

— 

— 

— 

— 

— 

A. laevis 

00 

25 

37 

45 

50 

63 

63 

70 

70 

70 

30 

17 

Control 

00 

00 

00 

00 

07 

07 

07 

07 

07 

07 

93 

93 


Leptolegnia caudata de Bary, Aphanomyces laevis de 
Bary (Figures 1 and 2) and Saprolegnia sp. were isolated 
from dead larvae. Of these, L. caudata was constantly 
isolated from dead larvae in the region. These are 
common species, frequently found in both tropical and 
temperate climate in different habitats 1 ". However, the 
present communication reports for the first time of their 
pathogenic role in mosquito larvae. Pathogenicity test 
revealed that L. caudata and A. laevis parasitized A. 
culicifacies larvae; the former being more virulent (100% 
mortality) than the latter (70%) (Table 1). The infection 
established itself within 24—36 h of larval introduction 
into the pots. Infection occurs when zoospores encyst 
on the larval cuticle and form a germ tube which 
subsequently develops and penetrates into the host, lead¬ 
ing to the destruction of tissues. Besides, formation of 
toxic substances and dilution of body fluid resulting 
from destruction of protective larval cuticle through 
enzyme action, may result in mortality 14,15 . Once fungi 
invade the hemocoel, the host may be killed by some 
combination of mechanical damage produced by fungal 
growth, nutrient exhaustion and toxicosis 16 . However, 
higher mortality in laboratory inoculation than in nature 
may be attributed to the composition of sterol in mosquito 
larvae which promote zoosporogenesis 17 . As reported in 
the present study, several species of zoosporic fungi, 
including Coelomomyces spp. 9,17 " 20 , Lagenidium gigan- 
tum U)M , and Leptolegnia chapmanii 21 have been reported 
to parasitize mosquito larvae. 

It has been suggested that malaria cannot be dealt 
with as a single and uniform broom being a worldwide 
problem, susceptible to one global control strategy 6 . 
Since A. culicifacies takes 7-8 days to produce adult 
from egg stage, even under optimum condition, and L. 
caudata and A. laevis caused up to 100 and 70% 
mortality, respectively, within this period, thus, they 
hold potential to suppress population of Anopheles larvae. 
Further, unlike most of the zoosporic fungi, neither of 
these is reported pathogenic to paddy and other crops 13 
and can be cultured and stocked with ease, besides, 
possessing wide adaptability from aquatic to semiaquatic 
habitats and ability to perennate. Therefore, mass culture 
reared in vitro , of these pathogens, preferably L. caudata 
can be applied to check mosquito population in breeding 
sites, thereby transmission of malaria, without hazard. 
Two types of spores can be applied simultaneously in 


the habitats harbouring high larval density; application 
of both zoospores (asexual) and oospores (sexual) of 
the pathogen(s) will be helpful in both immediate and 
long-term control of A. culicifacies larvae under varying 
environmental conditions 22 . Although reducing population 
density of malaria vector by means of larviciding is 
generally an inefficient way of affecting transmission, 
however, when a large proportion of larval habitats can 
be properly identified and targeted, control can be 
effective. 
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Effect of heat on crystal size 
distributions of quartz 

Manish A. Mamtani and R. V. Karanth 

Department of Geology, M. S. University of Baroda, Vadodara 390 002, 
India 

Here we report the effect of heat on crystal size 
distributions (CSDs) of quartz crystals in schists. 
CSD plots for the two samples from the Lunavada 
Group of Precambrian rocks of Gujarat, India were 
prepared. One sample is from close to the granite 
(Godhra granite) while the other lies far from it. 
The two show quite distinct 'CSD plots’, the former 
a bell-shaped plot while the latter a near-linear plot. 
It is suggested that the bell shape is a manifestation 
of the strong annealing and Ostwald-ripening that 
the rock underwent owing to its proximity to the 
granite. The linearity of the CSD plot for the sample 
away from the granite indicates that it did not 
undergo any significant Ostwald-ripening. 

The crystal lattice of deformed crystals consists of 
several defects. These can be point defects (e.g. vacan¬ 
cies), line defects (e.g. dislocations) or planar defects 
(e.g. subgrain boundaries) 1 . Deformation of a crystal at 
relatively low temperatures and/or fast strain rates results 
in the increase in dislocation density and the formation 
of dislocation tangles or pile-ups 1-4 . This phenomenon 
is similar to that of cold-working in metals. The increased 
dislocation density causes the crystal to harden and thus 
more stress is required to further deform the crystal. 
This phenomenon is known as work-hardening 5 ’ 6 . A 
cold-worked crystal is characterized by a higher internal 
energy than the undeformed crystal and is thermodynami¬ 
cally less stable. With increasing temperature the cold- 
worked state tends to become increasingly unstable and 
eventually the crystal softens and reverts to a strain-free 
condition. The process by which this occurs is called 
annealing 5,6 , which involves three distinct processes, viz. 
recovery, recrystallization and grain growth. It results 
in coarsening of the grain size with concomitant reduction 
in the total number of grains to achieve greater ther¬ 
modynamic stability. In this paper we report the effect 
of heat and annealing on the crystal size of quartz in 
naturally deformed rocks. 

Schist samples belonging to the Lunavada Group of 
Precambrian rocks of the Aravalli Supergroup, western 
India were collected for the present study. The Lunavada 
Group of rocks lie between latitudes N22°45' and 
N 23°45' and longitudes E 73° 15' and E 74°30' (Figure 1) 
and occupy an area of approximately 10,000 km 2 , ex¬ 
tending from southern Rajasthan into northeastern 
Gujarat 7-9 . The Group has been classified into six for¬ 
mations, viz. Kalinjara, Wagidora, Bhawanpura, Chan- 
danwara, Bhukia and Kadana 7,8 . Of these, only the 
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Kadana Formation falls within Gujarat 9 and consists of 
alternating layers of quartzites and schists. The quartzites 
form sinuous ridges around Lunavada, Sant-Rampur and 
Kadana 8-10 . Two episodes of deformation have been 
recorded and the metamorphism is dominantly up to 
greenschist facies. At the southern and southwestern 
limit of the Lunavada Group lies the Godhra granite. 
This granite has been dated to 955 my (ref. 11) and is 
considered to be a remobilized basement 12 . Near the 
contact of the granite and schists, the metamorphism is 
slightly higher, almost of the order of lower amphibolite 
facies 8 . To the south of Lunavada town the granite and 
associated quartz-feldspar pegmatites intrude the rocks 
of the Lunavada group. Thus, the area to the south of 
Lunavada has provided an ideal geological setting to 
study annealing and Ostwald-ripening of quartz crystals 
due to the heat supplied by the Godhra granite. 

Microscopic examination of several thin sections 
revealed that samples of schists that lie close to the 
granite possess coarse crystals of quartz and muscovite, 
while those that lie at a greater distance from the granite 
possess smaller crystals of quartz and extremely fine 
micas. Two representative samples of schists - one close 
to the granite (marked 1 on Figure 1) and the other 
far from it (marked 2 on Figure 1) were selected. The 
two localities lie at a distance of 4 km and 22 km from 
the margin of the Godhra granite (see Figure 1). Our 
intention was to carry out a systematic statistical analysis 
of the information that can be derived from the micro¬ 
scope so that the variation in the crystal size of the 
two samples could be graphically represented and the 
effect of heat on crystal size be studied. For this purpose 
we used the crystal size distribution (CSD) theory 
described by Marsh 13 . 

The CSD theory was first formulated and adapted in 
chemical engineering literature by Randolph and Larson 
in 1971 and subsequently applied to earth sciences 13 . It 
has been used to understand the effect of heat on CSDs, 
to calculate nucleation and growth rates of crystals, the 
growth time of crystals in igneous and metamorphic 
rocks 13 15 and also to calculate the magma storage time 16 . 
The fundamental steps involved are as follows: 

A 1 cm" area of thin section is selected. Measurements 
of the longest crystal dimension of all the grains of a 
particular mineral being studied (in this case quartz) 
are made for the selected area. This gives the frequency 
distribution of crystals (N A ) of various size (L) in the 
unit area. Using the formula N y = N l A 5 , the number of 
crystals of size L in unit volume, i.e. N y is determined. 
7/ v is the true grain size distribution. From these data 
the volume frequency histogram (N y vs L) is prepared, 
which gives a good graphical representation of the 
distribution of crystals of different sizes. Subsequently, 
the population density ( n ) of the crystals of different 
sizes is calculated. Population density (n) is defined as 
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Figure 1. Lithostratigraphic map of the area around Lunavada 7 . (1) and (2) are the locations of the samples. 


the number of crystals in a given size class per unit 
volume and is obtained by the formula: n = AN/AL 
= dN/dL , where N is the cumulative number of crystals 
per unit volume. The plot of ln(Ai) against L is referred 
to as the CSD plot and the shape of this plot is the 
manifestation of the effect of heat on the CSDs and 
gives a good graphical representation of the extent of 
annealing the rock underwent. 

Using the above principles, CSDs of quartz grains 
were calculated in thin sections of the two schist samples. 
The schist closer to the granite was found to contain 
a total of 1225 grains in a unit area with a mean crystal 
size of 0.1851 mm. The sample away from the granite 
contains 5931 grains in a unit area with the mean crystal 
size of 0.05 mm. Using the formula described above 
the number of quartz crystals in unit volume (N w ) for 
different sizes were calculated, from which the population 
density (. n ) of crystals was obtained. Tables la and b 
show the data calculated for samples, closer and farther 
from the granite respectively. Figure 2 a and b show 
the volume frequency histograms (N v vs L) for the 
samples, closer and farther from the granite respectively. 
The former shows that the quartz grains have crystallized 


over a wide range, with the maximum frequency being 
in the intermediate size range. On the other hand, the 
quartz grains in the sample away from the granite have 
crystallized in a limited size range and the maximum 
frequency is in the smaller size range. These histograms 
thus provide a good graphical representation of the 
effect of heat on the size of quartz crystals. However 
the ‘CSD plot’, ln(n) vs L is much more informative 
to understand this aspect. 

Figures 3 a and b are the ‘CSD plots’ for the samples 
occurring close and far from the Godhra granite respec¬ 
tively. These two plots are observed to be conspicuously 
different. The former shows a bell shape while the latter 
is more or less linear. These different shapes of the 
CSD plots reflect the varied thermal histories of the 
two samples. Linear CSDs have been described for 
crystals in igneous rocks and hornfelses and have been 
interpreted to indicate continuous nucleation and growth 
of crystals 14,15 . On the other hand, the bell-shaped CSDs 
have been described for minerals like garnet and sphene 
in regionally metamorphosed rocks and are considered 
to indicate (i) an initial continuous nucleation and growth 
of crystals, and (ii) later loss of small crystals due to 
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annealing 14,15 . Accordingly, we interpret that the bell¬ 
shaped ‘CSD plot’ (Figure 3 a) indicates strong annealing 
and ‘Ostwald-ripening’ - a term used to describe the 
increase in grain size which occurs upon annealing 13 . 
On the other hand, the greater linearity of the 'CSD 
plot’ for the sample away from granite (Figure 3 b) 
suggests that there was no significant ‘Ostwald-ripening’. 
It has been observed by us that (i) the sample closer 
to the granite has a total of 1225 quartz crystals in a 
unit area and mean quartz crystal size of 0.1851mm. 
The sample away from the granite has 5931 quartz 
crystals in a unit area with a mean size of only 0.05 
mm. (ii) The quartz crystals in the sample close to 
granite have crystallized over a wide size range of 0.025 
mm to 0.675 mm with maximum crystals occurring in 
the intermediate sizes (Figure 2 a), while the quartz 
crystals in the sample away from the granite have 
crystallized in a limited size range of 0.025 mm to 0.175 
mm, with maximum crystals occurring in the smallest 
sizes (Figure 2 b). (iii) The CSD plot In (n) against L 
for the sample away from the granite is bell shaped 
while that for the other sample is linear. 



Figure 2. Volume frequency histograms, N v vs L of quartz crystals 
for sample close to granite ( a ) and far from granite {b). L is the mid¬ 
point of each size class interval. Both graphs are plotted on the same 
scale along X-axis for comparison. 


All the above observations lead to the conclusion that 
the sample in proximity to the Godhra granite has 
undergone strong Ostwald-ripening. The initial growth 
of quartz crystals in this sample was continuous. This 
is represented by the linearity of the right hand portion 
of the bell-shaped CSD plot which represents In (n) at 
larger values of L (Figure 3 a). Subsequently, the smaller 
crystals were resorbed at the expense of the larger 
crystals due to annealing which was triggered by the 
heat supplied due to intrusion of the Godhra granite 
and resulted in a prolonged cooling at high temperatures. 
It is this later phenomenon which gives the bell shape 
to the CSD plot. Prior to the intrusion of the granite, 
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Table 

la. Data of sample close to granite (marked 1 
Figure 1) 

in 

L 


N v 

n 


(mm) 

(no./cm 1 2 ) 

(no./cm 3 ) 

(no./cm 4 5 6 7 ) 

ln(n) 

0.025 

13 

46.87 

937.44 

6.84 

0.075 

245 

3834.85 

76697.13 

11.24 

0.125 

217 

3196.60 

63932.19 

11.06 

0.175 

260 

4192.37 

83847.48 

11.33 

0.225 

242 

3764.63 

75292.73 

11.22 

0.275 

105 

1075.92 

21518.59 

9.97 

0.325 

67 

548.41 

10968.37 

9.30 

0.375 

38 

234.24 

4684.95 

8.45 

0.425 

19 

82.81 

1656.38 

7.41 

0.475 

7 

18.52 

370.40 

5.91 

0.525 

6 

14.69 

293.93 

5.68 

0.575 

2 

2.82 

56.56 

4.03 

0.625 

3 

5.19 

103.92 

4.64 

0.675 

1 

1.00 

20.00 

2.99 


Table lb. Data of sample far from granite (marked 2 in 
Figure 1) 


L 

(mm) 

N A 5 
(no./cm ) 

N 

(no./cnr) 

n 

(no./cm 4 ) 

ln(n) 

0.025 

3200 

181019.33 

3620386.71 

15.10 

0.075 

2515 

126126.68 

2522533.71 

14.74 

0.125 

195 

2723.02 

54460.53 

10.90 

0.175 

21 

96.23 

1924.68 

7.56 


the rock must have been in a cold-worked state with 
a high dislocation density. With the intrusion of the 
granite, the quartz crystals annealed and ripened because 
of the rise in temperature so as to achieve greater 
thermodynamic stability. During this process the quartz 
crystals grew in size and reduced in number. Contrary 
to this, the sample away from the granite shows a CSD 
plot for quartz crystals .with greater linearity. This con¬ 
notes that the growth of quartz crystal was continuous. 
This sample possesses a large number of small crystals 
of quartz, a low mean crystal size and a large number 
of total quartz crystals. According to us, all this is 
directly related to the absence of any significant 
post-deformational Ostwald-ripening due to the greater 
distance of this sample from the Godhra granite. 
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Trace and REE signatures in the 
Maastrichtian Lameta Beds for the 
initiation of Deccan volcanism before 
KTB 

M. S. Salil and J. P. Shrivastava 

Department of Geology, University of Delhi, Delhi 110 007, India 

Assignment of Maastrichtian age 1-3 for the Lameta 
sediments locally underlying the Deccan basaltic flows 
in the eastern lobe of the Deccan volcanic province 
has been integrated with the radiometric and 
palaeomagnetic data of the Deccan Trap by recent 
workers 4,5 in evolving an extremely shorter duration 
model for the Deccan volcanism at KTB. However, 
the earlier mineralogical studies 6,7 and the current 
geochemical findings on the detrital clay assemblages 
of the Lametas are indicative of their derivation from 
Deccan basalt. The negative Ce anomalies recorded 
in the smectites of Lametas are supportive of their 
basaltic lineage, implying early eruptions of Deccan 
volcanism predate these Maastrichtian sediments. This 
finding is incongruent with the rapid eruptive dura¬ 
tion model of < 1 Ma, at KTB 45 proposed for the 
Deccan volcanic episode. 

Arguments in favour of an internal cause 4,8 for the 
mysterious mass extinction at KTB largely revolved 
around the coincidence of Deccan volcanism in central 
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India towards the Cretaceous/Tertiary transition. Reason¬ 
ings along this line gained momentum with the assign¬ 
ment of an extremely shorter duration of < 1 Ma close 
to KTB 4,5 for the Deccan volcanism on a combined 
consideration of palaeomagnetic, geochronological and 
palaeontological data. Biochronological age estimate of 
the Deccan Traps is primarily based on the Maastrichtian 
microvertebrate assemblages in the sediments underlying 
and fringing the visibly lowermost lava flow in the 
Eastern Deccan Volcanic province. The basal lithounit 
of the 0.5-70 m thick Lameta Beds rests unconformably 
over the Upper Gondwana sediments (Table 1) and 
exhibits conspicuous colour contrast owing to its detrital 
green clay content. Green detritals of the Lametas are 
represented as widespread disseminations and disparate 
pockets in its basal lithounit. Of late, the green sandstone 
unit has been interpreted as braided stream deposit and 
a palaeoenvironment model of terrestrial freshwater 
pedogenic environment has been proposed for the Lameta 
sediments 9 . This is in contrast to the earlier marine 
depositional models proposed for Lametas based on the 
reported presence of authigenic glauconite 10,11 and other 
marine features in them. The X-ray diffraction studies 
on clay assemblages, including the green clays of basal 
Lametas, show smectites as their principal component 
besides a little chlorite, illite and kaolinite 6 . The com¬ 
positional and structural formula studies on these smec¬ 
tites indicate that they are rich in Mg and Fe, implying 
their derivation from Deccan basalt 6 . 

On the basis of earlier mineralogical studies, repre¬ 
sentative samples of detrital Lameta sediments of Chuihill 
(S10), Tendukhera (S2), Amokhoh (SI5) were selected 
for the current trace and REE analyses. One sample 
each of intertrappean of Lametaghat (S6) and weathered 
Deccan basalt (W6) were also analysed similarly for 
their comparative study with Lameta sediments. Trace 
and REE data were obtained by ICP-MS and are given 
in Table 2. 

The ranges of trace element abundances in the Lameta, 
intertrappean and weathered Deccan basalt are shown 

Table L Geological setting of the Jabalpur area. Central 
India where the Lameta beds are exposed (after Matley 20 ) 

D-Deccan Trap 
C—Lameta Group 

(e) Upper sands 
(d) Upper limestone 
(c) Mottled nodular beds 
(b) Lower limestone 

(a) Green sand 

__ Unconformity _ ■ 

B-Jabalpur Group 

(b) White clays 
(a) Sand stones 

__ Unconformity __ 

A - Ancient crystalline rocks 


in Figure 1. The varying abundance levels of elements 
in the Lameta, intertrappean and weathered basalt samples 
are attributed to differential mobility of these elements 
in weathering environment. However, Nb, demonstrated 
as the least mobile element in the leaching experiments 
on basalts 12 , showed almost the same concentration levels 
in the green detritals (S10) and weathered Deccan basalt 

Table 2. Abundances of trace elements and REE (in ppm) in the 
Lametas, intertrappean sediments and weathered Deccan basalt 


Sample number 


Element 

S10 

S15 

W6 

S6 

S2 

Be 

100.00 

100.00 

100.00 

100.00 

100.00 

Sc 

19.97 

26.75 

51,15 

53.40 

33.13 

V 

450.45 

233.06 

429.16 

692.70 

363.57 

Cr 

80.67 

95.39 

127.11 

139.74 

106.58 

Co 

44.45 

32.13 

161.24 

106.41 

20.03 

Ni 

18.97 

24.87 

33.58 

58.49 

36.37 

Cu 

124.76 

150.48 

278.06 

300.61 

63.86 

Ga 

24.65 

23.49 

32.58 

30.89 

20.72 

Rb 

57.06 

99.03 

8.41 

21.28 

97.98 

Sr 

65.49 

31.23 

121.34 

238.05 

27.77 

Y 

46.89 

36.89 

63.02 

33.48 

39.66 

Zr 

173.24 

256.84 

215.34 

214.54 

204.85 

Nb 

20.14 

45.03 

19.69 

31.49 

42.51 

In 

100.06 

100.06 

100.06 

100.06 

100.07 

Ba 

200.71 

103.25 

311.22 

240.10 

128.26 

La 

47.81 

18.94 

40.04 

15.84 

55.77 

Ce 

112.49 

35.56 

140.42 

49.85 

126.57 

Pr 

25.00 

7.76 

18.29 

8.48 

20.76 

Nd 

75.06 

18.70 

55.77 

27.30 

53.78 

Sm 

10.56 

3.76 

9.22 

4.82 

7.81 

Eu 

1.95 

0.98 

3.57 

1.75 

1.61 

Gd 

9.23 

4.25 

11.93 

6.82 

9.03 

Dy 

8.81 

3.96 

12.10 

5.08 

4.91 

Er 

3.01 

2.80 

4.15 

2.90 

2.84 

Yb 

3.03 

2.81 

4.40 

2.17 

2.56 

Lu 

0.44 

0.33 

0.44 

0.34 

0.48 

Hf 

4.98 

6.32 

4.88 

4.79 

4.41 

Ta 

0.81 

0.97 

0.63 

0.76 

1.03 

Bi 

99.91 

99.91 

99.91 

99.91 

99.91 

Th 

0.59 

0.41 

0.55 

0.51 

0.59 

U 

0.12 

0.15 

0.15 

0.21 

0.19 



Trace elements 


Figure 1. Range of trace element concentrations in the Lametas, 
intertrappean and weathered Deccan basalt. The line joining open 
circles represents the trace elements concentrations in the green 
sandstone. 
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Figure 2. Chondrite normalized REE plots of Lametas, intertrappean 
and weathered Deccan basalt. 

(W6). The chondrite normalized REE plots of Lameta, 
intertrappean and weathered Deccan basalt are shown 
in Figure 2. The REE patterns of the Lametas and 
intertrappeans are subparallel with the weathered basalt 
and show enrichment of LREE in relation to HREE. 
However, the REE pattern of the Lameta is conspicuous 
by the depletion of Ce and Eu. Both Ce and Eu could 
exist in divalent and tetravalent states and their con¬ 
centrations are dependent on the redox conditions prevail¬ 
ing in the system at the time of deposition 13 . The 
negative Ce anomalies observed in Lameta samples are 
comparable to the Ce depletion documented during basalt 
weathering in general 14 , and that of the Deccan basalt 
in particular 15 . It has been demonstrated that under 
oxidizing conditions Ce gets oxidized to +4 state and 
gets removed from the reservoir 1- . The Lameta samples 
S10, S15 and S2 have weathering indices of 21, 7 and 
49 respectively and Ce depletion in them could be 
explained in the light of their basaltic derivation and 
subsequent intense weathering they have undergone. This 
observation draws support from the absence of Ce 
depletion in Deccan basalt, which is only slightly 
weathered (weathering index-2), while the concentration 
patterns of other REE, except for Eu in it are subparallel 
with those of the Lametas. The other depleted element 
Eu is taken up as a substituent of Ca 15 of the plagioclase 
feldspars in basalt. Its depletion could be explained by 
the removal of Ca in solution with the progression of 
weathering, as major elemental data show very low 
levels of Ca concentrations in the Lameta sediments . 

The above findings in conjunction with the earlier 
mineralogical results 6 ' 7 on the Lametas are indicative of 
the invariable presence of Deccan basaltic derivatives 
in them. Contribution from Rajmahal Traps (110- 


120 Ma) 16 or other preexisting basic rocks towards the 
Lameta sediments does not seem to be a possibility as 
the immediately underlying Jabalpur clays of the Upper 
Gondwanas are completely devoid of green detritals, 
smectites, and, in contrast, are characterized by 
predominant kaolin minerals 11 . Absence of green matrix 
in the higher Lameta level sediments closer to the 
contact with the overlying flows negates their derivation 
from the upper flows through the downward percolations. 
This implies that Deccan basalt had made its presence 
in the provenance of Lameta sediments during the 
Maastrichtian times before the KTB. The arguments for 
the existence of - 3 km thick older flows below the 
exposed Deccan lava pile 18 cannot be altogether over¬ 
looked in this background. The recent Ar-Ar data on 
a western Trap section 19 also indicate an age prior to 
KTB for the Deccan volcanism. These observations are 
significant not only for their incongruencies with the 
models suggesting an extremely shorter duration (< 1 Ma) 
for the Deccan volcanism but for the assessment of the 
link between Deccan volcanism and KTB extinction 
event. 
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Observations on polychaete genus 
Sabellaria along the south and west 
coast of India 

R. M. Badve 

Agharkar Research Institute, G.G. Agarkar Road, Pune 411 004, India 

Reef building activity of polychaete genus Sabellaria 
has been observed in many localities along the west 
coast of India. Sabellariids inhabit the intertidal rocky 
areas characterized by high water turbulence, strong 
currents and minimum sedimentation. Some obser¬ 
vations on their biology and geological significance 
are made. 

Tube aggregates of reef building polychaete worm Sabel¬ 
laria occur along the south and west coast of India in 
several localities (Figure 1). Very little is known about 
sabellarian reefs in the Indian waters. However, one 
such occurrence from the Bhandarpule coast, Maharashtra 
has been wrongly assigned to Stolonifera corals 1 . Hence, 
an initial account of their biology is given here together 
with a note on their geological significance in the past 
and present shallow marine environments. 



Figure 1. Location map of A, sabellarian localities and •, nearby 
important town. 


I have observed the sabellariid reefs in the rocky 
intertidal zones of Velas-Adgaon, Ganapatipule, Bhan¬ 
darpule, Ratnagiri, Ambolgad, Malvan and Vengurle in 
Maharashtra and at Edavai coast near Warkala in Kerala. 

As observed along the south and west coast of India 
sabellarians inhabit the foreshore zone constructing ag¬ 
glutinated and densely crowded sandy tubes on rocky 
surfaces, gaps and fissures in them and also on boulders 
lying in this zone. Tube aggregates have profound 
parallelism in vertical or lateral growth. However, dis¬ 
oriented prostrate growth in early stage of settlement 
is common. The worms being sessile in adult stage, 
their structure constitutes permanent dwelling tubes or 
‘domichnia’ 2 . 

The present Indian occurrences of the sabellarian 
settlements are from the intertidal areas forming a dis¬ 
tinctive zone. However, they can extend up to a depth 
of 12 m to 15 m (reefs 2-5) or more 6 . The tube 
aggregates are rather soft, being held together by mucous 
secretion and they can be loosened easily from the 
substrate. 

The individual tubes are 4-8 cm in length exhibiting 
gradual but slight increase in diameter towards the top 
as animal becomes old. As observed at Bhandarpule, 
in deeper parts of the water, growth is dense and height 
of the tubes increases considerably. In case of S. 
spinulosa Leuckart and S. alveolata (Savigny) the two 
North Sea species, where tubes attain a height in the 
range of 40-50 cm, such colonies then are called as 
‘organ pipe structures’ 2 . 

The tubes are rough externally and fairly smooth 
internally having a mucous lining (Figures 2 c,e and /). 
Sediment particles comprising broken fragments of mol- 
luscan shells and bryozoans, foraminiferal tests and 
ostracod carapaces are being used in the construction 
of tube wall. Diatoms and fine sand grains of trap, 
laterite and quartz in minor quantities appear to have 
been caught up in the wall structure. Platy shell fragments 
are arranged imbricately, forming a near-circular inner 
diameter (Figure 2 e and /). Settlements occurring at 
Velas-Adgaon and Ambolgad are highly fragile and 
tubes have a relatively small outer diameter (1.5 mm), 
while some of the colonies found at Ratnagiri, Vengurle, 
and Edavai have a larger tube diameter (OD 3.5-4.0 mm) 
and firm tube aggregates. From the west coast of India 
Sabellaria chandrae De Silva 7 (Figure 3) and S. simplex 
Day 8 (Figure 2) have been reported from Ratnagiri 
township coast and Sabellaria sp. from Malvan coast 9 . 
Both S. simplex and S. chandrae produce sand coral 
structures 2 of tube aggregates (Figures 2 a and 3 a). In 
this case, towards upper end organisms share walls of 
neighbouring tubes to construct a flared up funnel- 
shaped opening. In addition to this feature, S . chandrae 
develops a hood-like structure over the tube opening 
(Figure 4 b). 
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Fieure 2 Sabellaria simplex Day, 1973. a, Tube aggregates in surface view; b. Side view of the same; c. Enlarged tubes 
lowing agglutinated nature; d. Dorsal view of operculum; t. Tube in cross section; /, Tube showing imbricate arrangement 
of shell fragments and inner smooth surface. 
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Figure 3 a, c. Sabellaria chandrae De Silva 1961. a , Surface view 
of colony; b , Enlarged view of tubes showing funnel-shaped broaden¬ 
ing and hood-like growth over tube opening, c, Dorsal view of 
operculum. 

The condition for the growth of sabellariid reef is 
that adequate turbulence should prevail which is capable 
of suspending sand in water. Simultaneously, the same 
should be carried away by wave-related and tidal currents 


along the rocky shore keeping area under minimal 
sedimentation 2,4,5 . Such suspended sand particles then 
become available to the animal for constructing tube. 

The animal applies mucus to the selected and sorted ' 

shell fragments and lays them like building blocks. This l 

process is described in detail by Schafer 2 . Sabellariids 1 

have to apply a mucous lining constantly to hold the 
tube structure together. Once organism dies, the tube f 

easily collapses 2 . On the west coast, headland areas 
proximal to sandy beaches are favourable sites. Similarly, 
isolated boulders in the intertidal zone of sandy beaches 
are seen covered by the sabellariids. Such observations 
have also been recorded from mid-littoral zone of Piha 
on the east coast of New Zealand 10 . 

The headland areas north and south of Bhandarpule 
comprise high cliffs and wave-cut platform undergoing 
erosion due to strong wave action. Following succession 
of sessile, organisms forming definite zones were 
observed in the intertidal rocky areas (Figure 4). 

Water pools on the wave-cut platform have a thick 
growth of a green alga Ulva and sporadic individuals 
of Saccostrea forskali and barnacles Balanus sp. are I 

noticed. On vertical or inclined face of the wave-cut 
bench, one meter broad zone is occupied by S. forskali 
and Balanus sp. To overcome rigors of strong wave 
action and desiccation Saccostrea has developed small, 
thick strongly ribbed shells 11 . The lowest of the intertidal 
zone where organisms are subject to minimum dessica- 
tion, is inhabited by S. simplex Day. 

A sedimentologically important capability of sabel¬ 
lariids is selective sorting of the sand grains, resulting 
in accumulation of specific minerals. Carbonate-rich 
sands are accumulated by Phragamatopoma lapidosa 
Kinberg 4 ; while Owenia fusiformis (Della Chaij) con¬ 
centrates mineral hornblend 25 folds than adjoining 
sediments 3 . Further, selective sorting also results in 
effecting change in grain size where worm tubes contain 
more silt-sized grains than adjoining beaches. Preliminary 
observations made on S. simplex reveal that the animal 
uses ilmenite grains to make the rock surface smooth 
on which the tubes are constructed. Platy shell fragments 
in the range of 1000-1200 jam are selected for the 
imbricate arrangement of the tube wall, while rest of 
the tube is composed of grains in the range of 150— 

250 pm. Also, there is 6-8% more concentration in the 
ilmenite in the tube walls than the adjoining sediments. 

Though rare, fossil occurrences of sabellariid reefs 
can be detected through anomalous carbonate-rich sands 
representing elongate tubular bodies or traces of tubular 
structures preserved by burial of reefs in littoral zone 
due to rapid sedimentation during storm 2,4 . 

Finally, sabellariid growth offers a protective cover 
to the rocky surface and stabilizes sandy bottoms, thereby 
retarding wave and current erosion and also helps in 
shore building 4,6,12 . 
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Figure 4 a,b. a , Succession of animal communities at Bhandarpule during low tide: upper oyster 
and barnacle zone (white), lower sabelariid zone; b. Boulders showing succession of oysters (o) 
and Sabellaria (s) in surface view. 
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Crowding effect on growth and 
metamorphosis of the frog Microhyla 
ornata (Dumeril and Bibron) 

Madhab C. Dash and Charulata Dei 

School of Life Sciences, Sambalpur University, Jyoti Vihar 768 019, India 

Microhyla ornata tadpoles were reared at different 
densities. Crowding caused interference, leading to 
competition for food and brought shifts in the duration 
of metamorphosis, lowering of body weight at 
metamorphic climax and on survivability. The mor¬ 
tality rate and absolute mortality of tadpoles were 
a function of the degree of crowding. The degree of 
crowding affected the transformation size within a 
range of 52 to 130 mg. 

The phenotypic plasticity in the growth of conspecific 
amphibian tadpoles is a function of tadpole density 1 " 4 , 
absolute size of the habitat 5 , food quality, availability 
of oxygen in water 6,7 and some other environmental 
factors. Crowding reduces larval survivorship, growth 
rate and body size at metamorphosis and increases the 
length of larval period'- 3,8 " 16 . Pandian and Marian 17 " 19 
showed that the rates of feeding, larval density and 
food levels can be effectively used to predict growth 
rates, larval duration and energy cost of metamorphosis. 
These responses are clearly observed in tadpoles of 
many frogs than in the tadpoles of toads, which normally 
exhibit schooling behaviours 16,20 . 

Microhyla ornata is a tropical frog found in India, 
Sri Lanka, South-east Asia and South-China. This tiny 
frog feeds mainly on termites and small insects. In 
breeding males, the throat is distinctly black. The breed¬ 
ing season of this frog in India commences with the 
onset of monsoon rains usually in the mid-June and 
continues throughout the monsoon period of mid-June 
to mid-October. The mean (+SD) snout-vent length 
(SVL) of a field population of breeding males and 
females respectively are 18.8 + 0.73 mm (n = 25) and 
21.1 ± 2.05 mm (« = 25). The mean body weight (BW) 
of breeding males and females respectively are 656.6 
±50.78 mg (n = 25) and 993.0 ± 123.9 mg (n = 25). The 
average clutch size is 225.0 ±89.9 (range 80-361, 
« = 12) with hatching duration of 48 h and hatching success 
of 98%. This frog spawns in temporary monsoon pools 
and hence crowding of tadpoles is a common occurrence. 

In the present communication, we examine the effect 
of larval density and crowding on survivorship, growth, 
metamorphic size and larval duration of M. ornata tadpoles. 

Fresh spawns of M. ornata were collected from tem¬ 
porary rain water pools in the early morning hours and 
kept in the laboratory (air temperature 27.9 to 29.7°C) 
for hatching. Larvae hatched from the spawns in 36-50 h 
(2f = 48h). Immediately after hatching they were mixed 
thoroughly in an aquarium and samples from them were 


taken for the treatment of crowding effect. The staging 
of larvae was done according to the method of Taylor 
and Kollros 21 . The emergence of at least one of the 
forelimbs was taken as an index of onset of metamor¬ 
phosis, and the little frogs with emergent forelimbs were 
shifted to containers providing an amphibious environ¬ 
ment after recording their individual weights. Village 
well water conditioned with Na^Oj at 8 mg/4.51 and 
filtered, was used as the culture medium 22 . 

Populations of six densities (5, 10, 20, 40, 80, 160) 
were reared with the same food ration (sufficient for 
higher density populations as there was left-over food 
at the end of the day in three replicates in culture tray 
(45 x 30 x 25 cm with 2 1 water)). However, higher den¬ 
sities (40, 80 and 160/tray) caused crowding interference 
which might have led to competition for food. Populations 
were examined every 48 h interval to determine the 
survival and growth rate. The body weight of tadpoles 
in a group of five individuals in triplicate was measured 
(± 1 mg) using a chainometric balance. The ammonia 
level in the culture tray was determined spectrophoto- 
metrically 23 and the values did not indicate to have 
caused fouling of water. 

A mixed diet was prepared by combining Amaranthus 
sp. leaves, boiled egg yolk and cooked and minced goat 
meat in the ratio of 5 : 1 : 1 (ref. 2) respectively. From 
the day 3 of hatching, food was supplied at the rate 
of 1 g per tray for each population density up to day 
15 and the food quantity was increased to 2g from 
day 16 onwards till the end of the experiment. Since 
water of the culture tray was changed at 24 h interval 
to avoid fouling of the culture medium, water quality 
was not considered a limiting factor. There was no bad 
smell or observable fouling of water. All the data were 
statistically analysed according to the methods of 
Snedecor and Cochran 24 and Sokal and Rohlf 25 . In low 
density laboratory populations (5, 10, 20), the larval 
growth pattern was S-shaped and larvae metamorphosed 
on the average in 28—36 days with average body weight 
of 96 to 99 mg and average S-V length of 7.16 to 
7.79 mm. On days 10, 17 and 24, during the linear 
phase of larval growth, the body weight of all the 
survivors in three replicates of each density was deter¬ 
mined (Table 1). A three-way factorial analysis of 
variance was used to examine the effects of initial 
density on growth and time of metamorphosis. The 
analysis shows that initial density has a significant effect 
(P< 0.001) on growth rate and metamorphic time. The 
S-shaped growth curves (Figure 1) show a distinct 
right-hand shift with the increase in crowding. This 
suggests that the growth rate of an individual is inhibited 
by the remaining members of the population. Keeping 
food level and space constant, increase in initial popula¬ 
tion density brought about competition, resulting in 
slower growth rate at higher densities. Tadpoles at 80 
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and 160 density/tray respectively tend to metamorphose 
in a small size (average 86.96 mg r range = 70 to 105 mg 
and average 84.78 mg, range = 55 to 105 mg) and at a 
later date (average of 85.84 days and 108.78 days) than 
the rapidly growing individuals from lower density 
populations (density 5, 10, 20 and 40). Hence, the 
effects of initial density are reflected in larval duration 


Body weight at metamorphic climax was analysed by 
multiple regression analysis with time as the covariate 
of initial density. The regression line is described by 
the equation M= 106.23 + (0.07368) N 0 + (— 0.31358) £, 
(r = 0.95, F= 11.638, d/=2, 3, p< 0.05), where M is 
the body mass at metamorphic climax, N Q the initial 
density and t the average time (days) taken for metamor¬ 
phosis. This indicates that growth is dependent on initial 
density and is reflected in body weight at metamorphosis. 


and body mass at metamorphosis. This confirms the 
patterns found in some other anuran species" 3,1 2 . 


Table 1. Analysis of variance of body mass of M. omata larvae as a function of initial density (three replicates) 


Time 


Mean body mass (mg) with±SD 


Density per tray 

3 40 80 160 


10 20.58 + 2.38 

17 71.0 + 6.48 

24 118.21 + 5.61 

28.13 ± 1.64 
68.0 + 5.35 
126.0 + 7.25 

31.0 ±2.16 

66.7 ±6.5 

124.8 + 8.82 

30.0 ±1.63 
60.66 ± 11.32 
90.93 ±13.87 

21.66 ±2.35 
55.33 ±7.4 

75.63 ± 10.23 

18.66 ± 1.88 

34.0 ±3.55 
49.86 ±1.63 

Analysis of variance 






Source 

4 If 

ss 

MS 

F 

P 

Density 

Time 

Replicate 

Density x time 

Density x replicate 

Time x replicate 

Density x time x replicate 

5 

2 

2 

n 

10 

4 

20 

10929.75 

46684.62 

74.9 

6037.26 

'1328.88 

78.41 

773.43 

2185,95 

23342.3 

37.45 

335.4 

\ilB 

19.6 

38.7 

56.48 

603.16 

8.66 

3.43 

p< 0.001 
p< 0.001 

p< 0.001 

ns 


Total 


61 65907.25 



Figure 1. Density-dependent growth rate of Microhyla omata larvae (Numbers indicate no. of tadpoles per tray). 
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The regression of body weight at metamorphosis on 
initial density with time as the covariate is highly 
significant (F= 11.638, p<0.05). 

The body weight values (mg/larva) at which larvae 
reached metamorphic climax (MC) stage in different 
density treatments are 82.0 to 110.0, 95.0 to 107.5, 69.0 
to 130.0, 52.5 to 110.0, 70.0 to 105.0, 55.0 to 105.0 
in density of 5, 10, 20, 40, 80 and 160 respectively. 
The minimum and maximum body weight respectively 
for metamorphosis was 52.5 mg and 130 mg irrespective 
of density treatments. The larvae did not metamorphose 
unless they attained - 52 mg body weight. The body 
weight of tadpoles at MC in different density treatments 
was found to be highly significant (F = 4.26, p< 0.05). 
Thus a threshold body size of ~52mg was necessary 
for metamorphosis to occur. 

Mortality rates were computed using the equation 
N t = N o e ~ mt , where N t is the number of larvae metamor¬ 
phosed, N o the initial density, m the mortality rate and 
t the average time (days) taken for metamorphosis. Table 
2 gives the mortality rates and standard error of the 
mean from the data of three replicates. A visual inspection 
of these mortality rates and their standard errors suggests 
that mortality rate and absolute mortality are closely 
related to initial density of the population. This is a 
deviation from earlier findings 2,22 . Results from Bartlett’s 
test (adjusted % 2 =1.66, d/=5, p (ns)) showed that 
variances among replicates at different densities are 
homogeneous and it favours the hypothesis of 
homogeneity of slopes. This indicates that mortality rate 
is dependent on crowding. 

Previous workers 2,27 have found that the proportion 
of anuran larvae that metamorphosed to juvenile frogs 
was a function of initial density and fitted a semi- 
logarithmic model: / P m = - SN o , where P m is the propor¬ 
tion of the population completing metamorphosis and 
N o the initial density. The regression analysis 
(F= 33.22, p< 0.001) of l a P m with N 0 is significant. 
Mean absolute mortality per replicate (Table 2) shows 
that there is high mortality at the highest density popula¬ 
tion and survivability of larvae is a function of density. 

The density treatment has highly significant effect on 
days to metamorphosis (F=68.7, p< 0.001). The meta¬ 
morphic duration from lower to higher density treatment 
(28.92, 31.15, 36.92, 52.28, 85.85 and 108.78 days) as 
the density increased from 5, 10, 20, 40, 80 to 160/tray. 
A multiple analysis of variance (Table 1) shows that 
the days required to metamorphose are statistically sig¬ 
nificant (F = 603.16, p< 0.001) and is also affected by 
the interaction of density and length of larval period 
(F= 8.66, p < 0.01) which is also statistically significant. 
Hence, it is interpreted that crowding affects the 
metamorphic duration in M. ornata tadpoles. Metamor¬ 
phic duration and number of survivors of each density 
are positively correlated (r = 0.95). 


Table 2. Mortality rate in laboratory populations of Microhyla 
ornata larvae 


Initial 

density 

Mortality rate 
(regression ± SE) 

Mean absolute 
mortality/replicate 

5 

0.00514 ±0.00209 

0.67 

10 

0.00478 ±0.00195 

1.33 

20 

0.00289 ± 0.00071 

2.00 

40 

0.00448 ± 0.00044 

8.33 

80 

0.00770 + 0.00028 

38.67 

160 

0.01019 ± 0.00093 

106.33 


In our investigations we found that food per individual 
larva and space in the lab culture medium decreased 
with the increase in larval density, a situation nearer 
to crowding phenomenon in nature. The result of this 
study indicates that crowding causes interference com¬ 
petition which has led to competition for food. The 
size-specific competition in M. ornata larvae has resulted 
in shifts at the time of metamorphosis, affected the 
mortality rate and the threshold value in body weight 
at metamorphosis with increasing crowding. Although 
this finding largely confirms the models discussed for 
some Rana species 1,2 , yet it differs with regard to sur¬ 
vivability factor and indicates that both mortality rate and 
absolute mortality are, the functions of initial larval density 
and in this regard, it differs from the model given on 
Bufo species 16,20 , which exhibit schooling behaviour. 
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Annual Review of Nuclear and Particle 
Science 1994. C. Quigg and U. Luth, 
eds. Annual Reviews Inc., 4139, El 
Camino, Palo Alto, California 94303- 
0139, USA. Vol. 44. 730 pp. Price: USA 
$ 62, elsewhere $ 67. 


This is yet another excellent volume in 
this well-known series. The reviews range 
over a variety of topics in nuclear and 
particle physics, both experimental and 
theoretical. Advances in this field affect 
society at large in many ways-on the 
one hand there is the continuing threat- 
to our very survival posed by nuclear 
weapons, while on the other, some of 
the life-saving advances in medicine have 
been made possible because of advances 
in nuclear science. Research in experimen¬ 
tal high energy physics has now become 
extremely expensive and construction of 
new research accelerators is possible only 
with multinational funding and building 
new detectors and experimental facilities, 
which calls for collaboration by physicists’ 
teams drawn from several countries. 

Volume 44 opens with a delightful 
piece of personal reminiscences of the 
period 1930-50 by Robert Serber. This 
is followed by three articles in nuclear 
physics. The first one deals with the 
measurement of temperature in a nuclear 
reaction using a variety of methods - 
velocity spectrum of individual particles, 
relative yields of different kinds of par¬ 
ticles and relative population of internal 
states of the emitted particles. The second 
article tells us how to use high energy 
gamma rays from the giant dipole 
resonance excited in the compound 
nucleus prior to its break up, to learn 
about fission time scales. The third article 
deals with isovector excitations arising in 
weak (charged current), electromagnetic 
processes as well as hadronic scattering. 
Valuable insight has been gained about 
several nuclear matrix elements, for exam¬ 
ple the quenching of the Gamow-Teller 
amplitudes. 

Impressive progress has been made in 
the study of double beta-decay, the usual 
but very rare one with two neutrinos, 
and theoretically exciting possibility of 
neutrinoless decay as well as the more 
speculative majoron case. From the 
absence of neutrinoless decay of 76 Ge 
and l28 Te, we can conclude that the 
electron neutrino mass must be less than 
1 ~2eV. These limits will improve fur¬ 


ther in the coming years. The review on 
‘geometrical colour optics’ by Frankfurt, 
Miller and Strikman, who have made 
pioneering contributions in this area, 
provides a survey of several topics — 
colour transparency, soft diffractive 
physics, colour fluctuations in nucleon 
and nucleus collisions. 

Study of deep inelastic scattering for 
low values of the Bjorken variable x is 
currently witnessing intense theoretical 
activity. This region is neither perturbative 
nor is it non-perturbative in the sense of 
soft hadron physics and calls for new 
theoretical approaches. E. Levin, one of 
the leading researchers in this area, and 
E. Laenen cover much of the recent 
theory. 

Study of charmonium states as Cester 
and Rapidis explain remains a vital and 
worthwhile endeavour. High precision 
experiment using antiproton-proton anni¬ 
hilations is the theme of this review. 

The Bjorken sum rule dealing with 
polarized electroproduction has made an 
enormous impact in our understanding 
the structure of the nucleon. Production 
of polarized targets is a vital experimental 
need. Polarized H, D, 3 He targets are the 
subject of the review by Chupp et al 
There are three excellent articles in the 
area of detectors, one on crystal 
calorimeters and the second one on large 
arrays of escape-suppressed gamma-ray- 
detectors. The third one looks into the 
special problems posed by high luminosity 
colliders. CERN will build the large 
hadron collider (LHC) in the coming 
years. One expects extremely large event 
rates due to two reasons. The luminosity 
of the machine will be some three 
orders of magnitude higher than the 
tevatron and the cross-section will also 
be higher. 

As P. L. Petti and A. J. Lennox explain, 
photon therapy has become the workhorse 
of radiation therapy for the last several 
decades. Certain tumours called radio¬ 
resistant tumours respond poorly to X- 
rays. Besides sometimes one has to deal 
with tissues which are close to a very 
critical body structure such as the spinal 
cord. Hadronic radiotherapy therefore uses 
particles such as neutrons, protons, pions, 
helium or heavier ions to deal with these 
situations. 

Gravitational waves predicted by 
Einstein’s general theory of relativity are 
virtually impossible to detect if the source 
itself is a weak one. One must look for 


them in violent events in the cosmos. A 
careful description of sources like super¬ 
novae, black holes, neutron stars and 
coalescing compact objects is given by 
Bonazzola and Marck. 

Finally there are two very excellent 
articles dealing with larger issues-one 
on the electron-proton collider HERA, 
which is not only a scientific and technical 
marvel, but also a symbol of what human 
beings can accomplish when they 
transcend artificial limitations imposed by 
nationality. G. A. Voss and B. H. Wiik 
tell us the history from conception to 
successful completion of HERA. The 
other article by Drell and Peurifoy care¬ 
fully examines the technical issues of 
nuclear test ban, from the perspective of 
the USA. Issues like safety, reliability, 
yield, clandestine testing by other nations 
being undetected, maintaining competence 
in the weapons community, building of 
better (?) weapons are examined. The 
authors clearly state that none of the 
above is a valid objection against the 
USA signing the comprehensive test ban 
treaty (CTBT) in 1996. 

J. Pasupathy 

Centre for Theoretical Studies, 

Indian Institute of Science, 

Bangalore 560 012, India 


Annual Review of Nutrition 1995. 

Donald B. McCormick (ed.). Annual 
Reviews Inc., 4139, El Camino Way, 
P.O. Box 10139, Palo Alto, California, 
94303-0139, USA. Vol. 15. 518 pp. Price 
USA $ 48, elsewhere $ 53. 


Has the science of nutrition lost its iden¬ 
tity and merged with modern sciences 
like cellular and molecular biology and 
molecular genetics? Going through the 
volume 15 of the Annual Review of Nutri¬ 
tion , it would seem that way. Most of 
the 21 reviews (plus a prefatory chapter) 
included in this volume deal with genetics, 
molecular and cellular aspects of nutrient 
functions, transport, and metabolic dis¬ 
orders. This is neither a criticism nor a 
complaint, since the fare that is provided 
is very interesting and useful and indica¬ 
tive of modem trends in nutrition research. 
Public health nutritionists may, however, 
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feel disappointed because even the 
remaining reviews, except the prefatory 
chapter, deal with biochemical and/or 
clinical nutrition. 

In terms of variety of foods to suit 
diverse health needs, perhaps no country 
can beat the USA. The vital role played 
by the Food and Drug Administration, 
USA, is discussed by David Kessler in 
the prefatory chapter ‘The Evolution of 
National Nutrition Policy’. A variety of 
strategies such as stringent labelling, crea¬ 
tion of public awareness, interaction 
between government agencies and en¬ 
couraging technological development for 
more healthful, more abundant and more 
affordable foods have been employed. In 
the post-liberalization era, India can learn 
from the US experience. 

Three reviews deal with vitamin K. A 
new carbanion model that mimics the 
proton extraction from the gamma position 
of protein-bound glutamate has been 
proposed by Dowd et al. for the vitamin 
K-mediated carboxylation of glutamates 
in specific proteins (Gla-proteins) in¬ 
volved in blood clotting and in bone 
mineralization. Vermeer et al. discuss the 
role of vitamin K in bone metabolism. 
While vitamin K deficiency affects bone 
mineralization, it promotes atherosclerotic 
vessel wall mineralization. A hypothetical 
explanation has been provided to explain 
such divergent effects on bone vs vessel 
wall. J. W. Suttie (a pioneer in the field 
of vitamin K) discusses the importance 
of menaquinones (vitamin K-active com¬ 
pounds synthesized by intestinal bacteria) 
in human nutrition. Excess of fat-soluble 
vitamins, particularly vitamin A is known 
to be toxic. Recent work on structure- 
function relationship of retinoids, and the 
molecular mechanisms of action of 
teratogenic doses of retinoids are reviewed 
by D. R. Soprano and K. J. Soprano. 

A review on ‘Whole Body Protein Turn¬ 
over in Humans’ by J. C. Waterlow deals 
with conceptual problems and controver¬ 
sies in the subject - mainly arising out 
of methodological limitations, and their 
implications on protein requirement. Cel¬ 
lular proteolysis is a well-regulated 
phenomenon in which at least three types 
of proteolytic reactions are known. 
Ubiquitin-dependent proteolysis is one 
such mechanism, and is reviewed by K. D. 
Wilkinson. 

The scope of computer modelling in 
designing animal feeds to increase produc¬ 


tivity is discussed in the review on ‘Ener¬ 
gy Partitioning and Modeling in Animal 
Nutrition’, by R. L. Baldwin and R. D. 
Sainz. 

Recent research on dietary management 
of an X-linked genetic disorder, adreno- 
leukodystrophy, does not provide hope 
for treating this fatty acid-disorder disease, 
by oils containing erucic and oleic acid, 
though asymptomatic individuals may get 
some relief from later neurological dis¬ 
abilities according to H. W. Moser, and 
J. Borel. Saturated fatty acids have for 
long been implicated in coronary artery 
disease. The review on ‘Trans Fatty Acids 
and their effects on Lipoproteins in 
Humans’ by Katan et al. shows that trans 
fatty acids (primarily derived during par¬ 
tial hydrogenation of vegetable oils) be¬ 
have like saturated fatty acids and hence 
cis and trans unsaturated fatty acids are 
not the same. Two reviews deal with 
lipoprotein metabolism. The review on 
‘Hypobetalipoproteinemias’ by G. Schon- 
feld, discusses the genetic basis of this 
condition in which the levels of LDL 
cholesterol and consequently the risk of 
atherosclerosis are markedly reduced, but 
the risk of cancer is greatly enhanced. 
The reasons for the latter are not known. 
A transgenic apolipoprotein E-deficient 
mouse is the first rodent model for 
atherosclerosis. It provides new oppor¬ 
tunity to study this protein and its 
metabolism. Clinical and biological 
importance of this protein and the early 
experiments performed on the mouse 
model are discussed by A. S. Plump and 
J. L. Breslow. 

While the role of tight junctions par¬ 
ticularly in the intestinal permeability and 
transport of sugar (a controversial issue) 
has been reviewed by Ballard et al ., 
molecular mechanisms in the insulin- 
mediated uptake of glucose by the in¬ 
sulin-dependent cells is discussed by M. P. 
Czech. 

Thyroid hormone regulates both the 
production and consumption of energy, 
besides several other effects. While its 
nuclear mechanism of action is beginning 
to be understood, the mechanism of T3- 
mediated stimulation of metabolic rate 
remains to be understood. The current 
thinking on the mechanism of thyroid- 
mediated thermogenesis and its signi¬ 
ficance are dealt with in the chapter on 
‘Thermogenesis and Thyroid Function’ 
by H. C. Freake and J. H. Oppenheimer. 


The conversion of T4 to T3 is mediated 
by a set of deiodinases, two of which 
D-l and D-3 are selenoproteins. Struc¬ 
tural, functional and regulatory aspects 
of the three enzymes, and their nutritional 
and hormonal regulation are reviewed by 
P. R. Larsen and M. J. Berry. Glutaminase 
is another important enzyme whose 
regulation is covered in this volume by 
N. P. Curthoys. The two isoenzymes of 
this enzyme (kidney type and liver type) 
are differently regulated. 

Among the trace elements, a review 
by Mascotti et al. discusses the regulation 
of iron metabolism, particularly the trans¬ 
lational effects mediated by iron, hemin 
and cytokines, on expression of ferritin. 
Iron-binding proteins such as lactoferrin 
have a variety of functions. Molecular 
structure and biological functions of lac¬ 
toferrin are reviewed by B. Lonnerdal 
and S. Iyer. Another important protein 
in haemopoesis is erythropoietin, an en¬ 
docrine hormone growth factor produced 
by specialized renal cells. Regulatory, 
functional and clinical aspects of this 
hormone whose recombinant form is 
available for clinical use have been dis¬ 
cussed by W. Fried. In a review entitled 
‘Cellular Copper Transport’, C. D. Vulpe 
and S. Packman have reviewed aspects 
of copper transport in unicellular orga¬ 
nisms as well as transport, distribution 
and release of copper in mammalian cells. 
Genetic and molecular aspects of diseases 
like Menkes and Wilson which are related 
to defective copper release are also dis¬ 
cussed. 

In an interesting review, Horseman and 
Buntin discuss the role of prolactin in 
the regulation of pigeon cropmilk secre¬ 
tion and parental behaviours. 

A list of related articles in other annual 
reviews such as Annual Review of 
Biochemistry , Annual Review of Medicine, 
Annual Review of Physiology and Annual 
Review of Public Health has also been 
included after the contents page. 

The 15th volume of the Annual Review 
of Nutrition should interest all students 
and researchers in biology and not just 
nutritionists. 

Mahtab S. Bamji 

211, Sri Datta Sai Apartments, 

RTC Cross Road, 

Hyderabad 500 020, India 
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Organic Agriculture* P. K. Thampan 
(ed.). Peekay Tree Crops Development 
Foundation, MIG 141, Cochin 682 020. 
1995. 354 pp. Price: Rs 480, $ 50.00. 

Organic agriculture as a sustainable farm¬ 
ing system keeps the biological potential 
of soil alive offering better agricultural 
productivity. However, the concept of 
organic agriculture has not yet become 
popular among the farmers as a promising 
alternative farming system. Agriculturists 
and non-agriculturists interested in any 
aspects of agricultural beginnings should 
consider reading all or parts of Organic 
Agriculture. Specialists involved in the 
study of agricultural beginnings would 
also benefit from the eleven case studies. 

The first and last chapters of this 
volume are written by the editor himself. 
Chapter 1 is an excellent overview touch¬ 
ing on the concepts and basic features 
of organic agriculture. In the author’s 
words, ‘Organic agriculture is a farming 
system, devoid of chemical inputs, in 
which the biological potential of the soil 
and the underground water resource are 
conserved and protected from the natural 
and human-induced degradation or deple¬ 
tion by adopting suitable cropping models 
including agroforestry and methods of 
organic replenishment, besides natural and 
biological means of pest and disease 
management, by which both the soil life 
and the beneficial interactions are also 
stimulated and sustained so that the sys¬ 
tem achieves self-regulation and stability 
as well as capacity to produce agricultural 
outputs at levels which are profitable, 
enduring overtime and consistent with the 
carrying capacity of the managed 
agroecosystem’. Indeed, a lengthy defini¬ 
tion! The last chapter presents an excellent 
framework for understanding the case 
studies, which are supplemented with 
additional field photographs and statistical 
data. The eleven case studies selected 
from different agroclimatic belts of India, 
cover those farmers who practised the 
concept of organic agriculture. 

The contributors of other chapters are 
recognized experts who blend intuition 
, with recent theoretical, observational and 
experimental results to elucidate the 
various aspects of organic agriculture. For 
an advanced reader, each chapter provides 
an extensive bibliography for more in- 
depth information. Soil microflora play 
an important role in the maintenance of 


soil quality by regulating the nutrient 
flow. Chapters 2 and 3 cover various soil 
microbes and their role in maintaining 
soil health. Chapter 2 is more technical 
and hence not easily accessible to a 
general reader, however, both chapters 
are provided with several tables and 
figures. The importance of organic mat¬ 
ter/organic amendments on soil 
health/ameliorating problem soils has been 
discussed in Chapters 4 and 5. The main¬ 
tenance of on-farm diversity and its im¬ 
pact on organic agriculture have been 
dealt in detail in Chapters 6, 7 and 8. 
Chapter 9 reviews the global change 
towards organic movement, while the wis¬ 
dom of Indian farmers is outlined in 
Chapter 10. 

Some measure of overlapping among 
the chapters is inevitable, however, the 
repetition may be advantageous for non¬ 
specialists. The clarity of some field 
photographs is not satisfactory, but in 
general, the book itself is unusually attra¬ 
ctive with a generous offering of figures 
and tables. Most of the material is appro¬ 
priate and well organized and the 
editor/the authors should be commended 
for excellent proof-reading. 

The organization of the book, along 
with its clear, almost non-technical 
presentation should make it useful to the 
farmers and students in agriculture for 
whom it is written. Let us hope that they 
use it and heed its advice. 

Santhosh Nampy 

Department of Botany, 

St. Joseph’s College, 

Devagiri 673 008, India 


Plant Physiology by S. C. Datta. Wiley 
Eastern Ltd., 4835/24 Ansari Road, 
Daryaganj, New Delhi 110 002. 1994. 

618 pp. 


The field of plant physiology includes 
cellular physiology describing metabolic 
pathways and developmental physiology 
describing regulation of growth and dif¬ 
ferentiation. During the last two decades, 
knowledge in every small area of plant 
physiology has grown so much that 
separate books have appeared on what 
used to be a chapter in a book. A large 


number of research journals have been 
added to emphasize the importance of 
each area of research. It is difficult to 
keep in touch with all these activities 
and therefore I personally always look 
forward to read a new book on plant 
physiology to catch up with newer con¬ 
cepts and information that one may have 
missed otherwise, and secondly to im¬ 
prove on my teaching course. It was with 
this enthusiasm that I immediately 
accepted to review this book on plant 
physiology. However, after reading the 
book I was disappointed. Although a lot 
of material has been given in this book, 
there is absolutely no new information. 

I rarely found any new reference in the 
literature cited. The comments I have on 
specific chapters are given below. In fact 
I also requested one of my colleagues 
Dr B. C. Tripathy, a better specialist on 
metabolism, to. check if I was not present¬ 
ing a biased opinion. He furnished me 
with his comments and was of the opinion 
that this book should have been in the 
market at least a decade earlier. 

In chapter 3, which deals mainly with 
pH and colloids, one would have expected 
a good write-up on buffers and a need 
for buffering system in plant cells. It 
would have been appropriate to have 
brought out the importance of p K a value 
and appropriate equations for its deter¬ 
mination. In chapter 4, negative and posi¬ 
tive aspects of osmotic potential are not 
explained, especially the equations to 
determine osmotic potential of salts and 
sugars. The potentials are now expressed 
in pascal units which is not mentioned. 
In chapters 5—7, the reference to soil— 
plant-atmosphere continuum concept 
should have been introduced and so also 
the role of conductance capacitance in 
water relations. There is now a lot of 
information available about the molecular 
mechanism of stomatal opening and clos¬ 
ing which has not even been mentioned. 
In fact, work on the patch-clamp studies 
on guard cells has also been done and 
nature of channels has been characterized. 
Even in chapter 9, the recent reports on 
biological functions of various metal ions 
are totally missing. 

The introduction of a separate chapter 
on plant pigments (chapter 10) was a 
good plea. However, information provided 
in this chapter is still old and it may 
mislead a reader. For example, it is written 
that chlorophyll is synthesized from 5- 
aminolevulinic acid which in turn is syn- 
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thesized from condensation of glycine 
and succinyl co-A. It is now, however, 
shown for certain that ALA biosynthesis 
in plants usually does not take place by 
this route, rather in the majority of plants 
it is synthesized via glutamic acid path¬ 
way. It would have been better if more 
information was also included for 
carotenoid biosynthesis. 

While it is understandable that historical 
perspectives are also included, especially 
in a chapter on photosynthesis, it is as 
much essential to put the present concepts 
based on newer knowledge. There is so 
much known today regarding the two 
photosystems, Z-scheme and proteins in¬ 
volved in PSII and PSI which have not 
been included or even briefly cited. The 
mechanism shown for photolysis of water 
is an old concept. Reference to TPNH 2 
instead of NADPH 2 may -confuse a stu¬ 
dent. Description of C0 2 reduction cycle 
is extremely inadequate. Similarly a des¬ 
cription on photorespiration has not been 
updated. 

In the chapter on carbohydrates, role 
of sucrose phosphate synthase should have 
been elaborated and similarly in respira¬ 
tion, cyanide-resistant respiration, so uni¬ 
que to plants, should have found a place. 
The diagram on the mechanism of protein 
synthesis (chapter 15) has been taken 
from Cohen (1966). In this chapter a 
description of role of nitrate and nitrite 
reductase, is totally missing. In fact, the 


genes of both the enzymes have been 
cloned and lot of data on protein structure 
are available. 

The chapter on flowering gives a good 
account of what was known till early 
1970s. We have new books related to 
molecular biology of flowering and a 
number of genes involved in flowering 
have been identified. However nothing 
of this finds a mention in the book. On 
p. 412, the author still refers to 
phytochrome as a glycoprotein! On p. 
413 it is mentioned that red and far-red 
light shifts the double bond position and 
the reference cited is of Figure 109, which 
shows effect of night-break on flowering. 
While we know today of light-regulatory 
promoter elements and the ds-elements 
involved in transcription regulation, the 
book refers to only the experiments done 
with actinomycin D. On p. 425, the con¬ 
centration of RNA is given in ppm. 

In chapter 18 the newer methods of 
estimating hormones like radio immuno¬ 
assays are not given at all. The mechanism 
of action of hormones has not been well 
described. It is mentioned that no hormone 
receptor has been found and the reference 
given is of 1981. Similarly it is mentioned 
that no cytokinin has been isolated from 
coconut milk and the reference is of 
1955. In 1975, van Staden found zeatin 
and its ribosides from coconut water. On 
p. 529, it is written that gibberellic acid 
control is not possible to know! And we 


know of ‘GARE’ elements (gibberellic 
acid responsive cis elements) in 5 / up¬ 
stream region of a-amylase gene which 
respond to the hormone. Similarly there 
has been a lot of information on photo- 
tropism and geotropism which finds no 
mention in chapter 20. In this chapter, 
however, nature and use of herbicides 
etc. has been well covered. 

As pointed out by the author, the book 
has been written for botanists and for 
other well-informed persons who desire 
to understand various functions in living 
plants. For a general reader the book is 
too detailed, has no important observa¬ 
tions and with very poor-quality pictures 
and graphs. For specialists it is lacking 
in up-to-date information. I can recom¬ 
mend this book for those who would like 
to know what is plant physiology and 
what topics are covered in such a course 
and for those who want to have an 
understanding of the earlier concepts. For 
serious students of plant physiology this 
book will have to be read along with 
other recent books or Annual Review of 
Plant Physiology and Plant Molecular 
Biology . 

S. K. SOPORY 

Department of Life Sciences, 

Jawaharlal Nehru University, 

New Delhi 110 067, India 


Errata 

In 'On the use of animals in research and education’ 
(Jane Goodall, Curr. Sci 1995, 69, 301-303), the name 
of the second author, Walter Miale was inadvertently 
omitted. We regret the error. 


In ‘Mushrooms: Beauty, diversity, relevance’ (Subra- 
manian, C. V., Curr\ Sci., 1995, 69, 986-988) picture 
credits should read: Cover picture, figures 1, 3, 5 courtesy 
K. Natarajan; figures 7, 8, 10, 11 courtesy Chen, Hsinchu. 
On page 995 read 'Chemical structure of mushroom 
toxins and hallucinogens, after BRESINSKY and BESL’, 
and not as printed. 


Edited and published by Prof. P. Balaram and Prof. S. Ramaseshan, Current Science Association, Bangalore 560080. 
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In this issue 


Quality improvement at the 
Academies 

Science academies elect new members 
to their fellowship every year. To the 
onlooker, the process of selection is 
arduous and subjective, with decisions 
being made by small committees argu¬ 
ing seemingly endlessly, over many 
cups of coffee. Judgements within and 
across disciplines are hard to make, 
with personal prejudices never being 
very far away in deciding the final 
choices. The crux of the problem, of 
course, is that there are many nominees 
and only a small number eventuall/ get 
elected. What purpose is served by the 
annual election ritual? It is generally 
assumed that for perpetuation, the qual¬ 
ity of the fellowship must improve (or at 
least stay constant) with each year’s 
election. How does one quantitate the 
‘quality of the fellowship’? Clearly, 
there is no good criterion. However for 
mathematically inclined modellers, this 
poses no real impediment. Indeed, Jay- 
ant Narlikar begins his discussion of a 
‘toy model’ with the use of a variable x 
to measure quality of a scientist ‘on a 
scale ranging from 0 to 1 , with 1 being 
the mark of perfection’ ( Curr . Sci ., 
1995, 69, 969). He then proceeds to 
address the issue of how fast the quality 
of the fellowship will improve if the 
‘Radhakrishnan criterion’ that each 
‘new fellow elected is better than the 
median level of the existing population 
of fellows’ is implemented. To readers 
averse to mathematical analysis, the 
essence of Narlikar’s thesis is displayed 
in Figure 1 of his letter, which suggests 
that the median quality does indeed 
improve inexorably over a 25-year pe¬ 
riod, if the criterion x > M n _ { is ap¬ 
plied, where x is the quality parameter, 
M n - i is the median quality in year 
n - 1 and M n is the quality in the elec¬ 


tion year n. Using reasonable values for 
the strength of the fellowship and the 
number of newly elected fellows, Nar¬ 
likar’s model suggests an encouraging 
inference; if only we could assign val¬ 
ues of x to people and rationally elected 
Fellows, then the Academies would 
‘inexorably’ improve; more importantly 
they would improve in a reasonable 
time frame viz. a quarter of a century. 

V. Balakrishnan (page 424), expands 
on this model and reaches an interesting 
conclusion - there are ‘no quick fixes’. 
His modified estimate is that a ‘sizable 
improvement’ would happen over a 250 
year period. This order of magnitude 
change of time scale for improvement in 
the Balakrishnan model was arrived at 
initially assuming immortality of the 
fellowship; a most desirable simplifica¬ 
tion, at least as far as Academy fellows 
are concerned. Balakrishnan concludes 
that a quality improvement effort spread 
‘relentlessly’ over the centuries would 
surely benefit our Academies. 

Where do all these apparently elegant 
arguments leave us, as far as the Acad¬ 
emy fellowships are concerned? Maybe 
the Councils will now debate quantita¬ 
tive criteria for fixing the ‘quality pa¬ 
rameter’ x. Until that issue is resolved, a 
process that may take longer than the 
modest time spans considered above, we 
must live with fallible criteria for elec¬ 
tion to the Academies. For the Acade¬ 
mies, holding the median quality index 
steady may be a challenge, with im¬ 
provement being a goal best relegated to 
future generations. 


P. Balaram 

Signalling at the nucleus 

In eukaryotic cells, DNA is efficiently 
packaged into the nucleus, an organelle 
bounded by a highly porous membrane. 


Despite its central role in cell biology, 
the nucleus as an organelle has begun to 
be understood only relatively recently. 
Ironically, the overriding importance of 
DNA, may have indeed contributed to 
the limited attention paid by molecular 
biologists to other structures in the nu¬ 
cleus. Arthur Kornberg wrote some 
years ago that ‘in my theater the nucleic 
acids write the script, but the enzymes 
(proteins) do the acting’. This sentiment 
appears true of the nucleus too. A class 
of fibrous proteins, nuclear lamins, ap¬ 
pear to be critical in several important 
nuclear functions. The superstructure 
formed by the lamins physically sepa¬ 
rates the inner surface of the nuclear 
envelope from chromatin. As with all 
biological phenomena, molecular com¬ 
plexity is a feature of the lamins with 
three major classes already reported. 
While the biological role of lamins 
continues to be clarified, their distribu¬ 
tion may depend upon cell type, with 
lamin A appearing only in differentiated 
cells. 

On page 441, Manjula and Rao dis¬ 
cuss the dynamics of lamin structure 
with reference to the two hottest topics 
in cell biology today - cell cycle and 
apoptosis. The former refers, of course, 
to events that occur during cell division, 
while the latter is programmed cell 
death (sometimes suicide). Apoptosis is 
a phenomenon that suggests that immor¬ 
tality may be biologically as undesirable 
in cells as in man. The importance of 
lamins in uncontrolled cell proliferation 
makes these proteins important in stud¬ 
ies of cancer. The diverse biochemical 
events involving lamins and their cellu¬ 
lar consequences may lead to the lamins 
becoming a focus for a new class of 
signal transduction events; only this 
time the scene of action will be the nu¬ 
cleus. 

P. Balaram 
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Nurturing young scientists 


The article ‘Nurturing young scientists’ 
0 Curr . Sci ., 1995, 69, 893) discusses the 
tremendous importance and significance 
of furthering the development of young 
scientists for the growth of science 
in the country. Emphasis has been 
placed for awarding high-budget re¬ 
search projects to deserving young sci¬ 
entists without undue delay. The 
proposal is attractive and beneficial 
only to those applicants with permanent 
positions in the scientific cadre. The 
scheme is impracticable and will not 
benefit youngsters who hold temporary 
positions. 


The Indian scientific community has 
utilized a substantial amount of funds 
from government and non-government 
organizations for various research proj¬ 
ects. Most of these projects have pro¬ 
duced and developed many trained 
young scientists. Ironically, these very 
same young research scholars, project 
assistants and research associates who 
have worked sincerely for the cause of 
science are running from pillar to post 
in search of jobs even after devoting 
more than 10 years to research. This 
state of affairs inhibits students from 
adopting science as a career. 


If we sincerely want to do some¬ 
thing for the welfare of young scientists, 
let us develop a system that screens 
and absorbs eligible young talents 
into the mainstream of science, and 
does not just lure them with short-term 
gains. 


A. K. Srivastava 


Birbal Sahni Institute of Pcilaeobotany, 
Lucknow 226 007, India 


Top-scorers need not be the best brains - the other side 


C. K. John. {Curr. Sci., 1996, 70, 7) 
implicitly assumes that top scorers are 
‘memorizing and hard-working stu¬ 
dents’. In support he gives examples of 
Faraday and Ramanujan who were be¬ 
low par in their school performance but 
were highly original scientists. On the 
contrary, many top researchers are also 
good performers in their college and 
university days. There are no statistics 
to show the correlation between top- 
scorers and best brains. 

John suggests that ‘top-scorers are 
interested in all subjects’; implying that 
being interested in many subjects is 
detrimental to creativity. This is a pre¬ 
posterous conclusion, which he empha¬ 
sizes: ‘this would mean that they have 


no specific interest in any one subject.’ 
A top researcher need not (but may) 
have interest in one and only one sub¬ 
ject. (Einstein was a good violinist, Raja 
Ramanna is a professional pianist, 
Bhabha was a painter of repute and so 
on.) 

The last paragraph of John’s letter 
says, ‘Hence the search for talent has to 
be done at the B Sc level.’ The sad fact 
is that there is hardly any talent left at 
the B Sc level. Presently, it is very rare 
that the parents of a bright student and 
the student himself would choose to go 
for B Sc. This statement is supported by 
a small sample survey in a research in¬ 
stitute of repute. About forty senior 
researchers were asked what course 


their children (largely bright), about 
sixty in number were taking or had 
taken. Only one child, by choice, after 
getting very good marks had joined 
B Sc (Maths). Half of the above lot had 
left the country for higher education. 
The fact is that neither the parents nor 
bright children find B Sc an attractive 
avenue. Of course, exceptions are al¬ 
ways there. Therefore, we have to be 
satisfied with ‘top-scorers need not be 
the best brains’. 

P. V. Kulkarni 

18, Sadguru Soc., Kupwad Road, 

P.O. Vishrambag, 

Sangli 416 415, India 
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Research strategy and Ayurveda 


The Ayurvedic system of medicine has 
descriptions of about a thousand plants 
and minerals for the management of 
curable diseases. The theory of disease- 
management in this system is based on 
the regulation of three body humours, 
i.e. vat a, pitta and kapha . 

After realization of the fact that the 
slogan of WHO ‘To achieve health for 
all by A.D. 2000’ could not be achieved 
by the allopathy system of medicine 
alone, the policy-makers of health man¬ 
agement started developing traditional 
medicines of different countries. 

In this regard, Ayurveda being one of 
the oldest systems of medicine, owns 
the maximum responsibility. The world 
is looking towards India for new drugs 
to manage various challenging diseases 
such as AIDS, Alzheimer’s disease, 
arthritis, diabetes, etc. 

Surprisingly, we are not ready to 
accept this challenge. This is because 
o* wrong and discriminative policy 
of the Government of India. Proper 
recognition and suitable funds are 
not being given for this system of 
medicine. 


I personally feel that the Government 
and other funding agencies of this 
country should recognize this Indian 
system of medicine as the ‘Area of pri¬ 
ority’. The infrastructure of each unit of 
Ayurvedic research and teaching could 
be strengthened by providing manpower 
and financial resources. 

The responsibility of research may be 
given to the leading laboratories of the 
CSIR and ICMR and the scientists of these 
organizations may be requested to work in 
close collaboration with Ayurvedic ex¬ 
perts, because research on medicinal plants 
without taking into consideration the basic 
concepts of Ayurveda will not be of much 
help to the development of this system of 
medicine. 

The universities may fill up the va¬ 
cant posts in this discipline by appoint¬ 
ing persons having good research 
background because at the moment, 
research is the need of the day and a 
good researcher is always a good 
teacher. 

Central Council of Research in 
Ayurveda and Siddha (CCRAS) needs 
complete restructuring. A scheme of 


golden handshake is necessary as about 
90% of its budjet is utilized for the 
salaries only. Its projects may be re¬ 
duced in number and the persons work¬ 
ing on these projects may be transferred 
to leading scientists in different institu¬ 
tions who are working in similar fields. 

Above all, the Ministry of Health, 
Government of India, which has a sepa¬ 
rate Department of Indian System of 
Medicine (ISM) should be very cautious 
about investing money. Expenditure 
without specific accountability is of no 
use. The basic projects may be sanc¬ 
tioned in joint collaboration of a mod¬ 
ern scientist with an Ayurvedic expert, 
because this is the transition period for 
the development of Ayurvedic medicine. 
It will take some time when both the 
components, as described above, will 
thoroughly understand each other. 

Yamini B. Tripathi 

Department of Medicinal Chemistry, 
Institute of Medical Sciences, 

Banaras Hindu University, 

Varanasi 221 005, India 


NEWS 

Chemical science on Internet 


Internet is the world’s largest network 
of computer networks. About 7 million 
computers are connected this way to 
Internet (August 1995 figure), with 
North America accounting for about 
70% of this figure ( Science , 1995, 267, 
168 and 270, 741). 

In India, the Internet has reached 
some of the CSIR labs, a few Universi¬ 
ties and very few private industries and 
financial institutions. 

Most of the Internet users are not in¬ 
terested in writing computer programs, 
but want to access information. Infor¬ 
mation is available on almost any sub¬ 
ject or topic on Internet. Several search 
techniques are available to scan the sea 
of information and select the relevant 
portions. One of the newest and most 
popular programs which can do this jo*b 


is the World Wide Web (WWW). It 
links related information. Rather than 
transferring files between computers, 
the network is used to navigate through 
an information space of distributed 
items of information, which could be 
text, graphics or video clips, etc. When 
an item or topic is selected from a 
menu, more information about the topic 
is obtained or directions (or pointers) to 
the information is given. This way an 
information could be linked to more 
information (known as hyper-text). Also 
this entire information could be down¬ 
loaded lor personal perusal at a later 
date. 

Internet users pay only for access to 
the network, not for the number of bits 
of information they send once they are 
in. There is a threat for the tradition of 


open information exchange, as com¬ 
mercialization is raising fears that pric¬ 
ing changes will squeeze e-mail and 
database browsing. 

Chemical sites in Internet 

The Internet can be used by a chemist to 
download a 3D image of a particular 
protein from a database, take part in an 
electronic conference on some topic, 
publish or read a paper in an electronic 
journal, download chemical education 
aids for a course in general chemistry, 
check out academic employment pos¬ 
sibilities, advertise for a job, scan data 
from databases, read various manufac¬ 
turers’ product catalogues. These are 
some of the chemistry resources avail- 
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able on computer screens through the 
Internet’s WWW. A good starting point 
for finding chemistry resources on the 
WWW is through one of a number of 
pointers or gateways to an array of those 
resources. Examples of such gateways 
are ChemDex, available at the Univer¬ 
sity of Sheffield in UK and the chemical 
information sources from Indiana Uni¬ 
versity, USA. 

The November 1995 issue of Chem. 
Eng. News lists the best-of-the Web 
related to the field of chemistry and 
biology with their Web addresses. The 
list consists of about 60 sites, which 
makes up just a portion of all the chem¬ 
istry sites available on the Web. The 
following list gives a flavour of the best 
of chemical sites on the Internet. 

Pointers 

Virtual chemistry list at the Uni¬ 
versity of California. 

ChemDex list at the University of 
Sheffield, UK. 

Internet chemistry resources. 
Australian chemistry resources. 
Chemistry education resources. 
Chemical engineering virtual li¬ 
brary. 

NIH GenoBase database gateway. 
Index of polymers and plastics re¬ 
sources. 

Value-added processing of chemical 
information 

- 2D to 3D coordinate conversion. 

- Structural classification of proteins. 
Molecular biology images. 

- Biochemical compounds databases. 
Fullerene databases. 

Fischer Scientific catalog. 

Computer simulation of condensed 
phases. 


Periodic tables 

Instability dynamics of fractures 
Principles of protein structure 

- Molecular hyperglossary 

Molecular modelling 

Molecular modelling and protein 
databases 

- AMBER 

- BIOSYM/MSI life sciences 

- NIH molecular modelling 
MDL info system. ISIS/Draw 

- XMol information 
Cambridge Soft corp 
Representation of molecular mod¬ 
els and rendering techniques. 

Conferences and talks 

Trends in organic chemistry, com¬ 
putational chemistry conference, 
NMR 95 poster session, Glycosine 
conference. 

Visual sources and programs 

Virtual reality modelling 
Hyperactive molecules 

- Chemistry at the Centre for Scien¬ 
tific Computing, Finland. 

Teaching sources 

- GC/MS of Jamaican coffee 

- Multimedia chemistry at the Uni¬ 
versity of California 

Chemistry Hypermedia project at 
Virginia Tech 

- Global instructional chemistry. 

Electronic journals 

Journal of Molecular Modelling 
~ Network Science 
Elsevier publications 


- Journal of Biological Chemistry 

- Journal of Computer-aided Mo¬ 
lecular Design 

Journal of Chemical Physics 

- Protein Science . 

Organizations 

American Chemical Society, 
Chemical Abstract Serv. and Royal 
Society of Chemistry. 

The gene sequence data is stored in 
two databases, the GenBank and 
Genome sequence database, both con¬ 
sisting of over 200 million base pairs 
from humans and more than 8000 other 
species. The data can be browsed by 
biologists through WWW ( Science , 
1995,269,1356). 

The Web is also being used to bridge 
communications between chemists and 
biologists, for example Chemistry & 
Biology serves as a networking tool in 
the area of fluorosensor design. A net¬ 
work named BiomedNet is being devel¬ 
oped as a worldwide club for 
biomedical scientists. Network Science, 
another network was created mainly for 
the sake of molecular modelling and 
chemical information. Worldwide 
Chemnet provides a site to bring buyers 
of chemicals together with manufac¬ 
tures, distributors and packagers. Many 
chemical, software and modelling com¬ 
panies also have their home page on the 
Web describing their products. 

Thus it is seen that the World Wide 
Web is already having, and increasingly 
will have, a profound impact on the way 
that science is done and, we in India 
cannot be left behind in this scientific 
information revolution. 

D. Mukesh, Alchemie Research Centre, 
Thane-Belapur Road. 
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How does a fungus know the time of day? 


L. Geetha and Raghavendra Gadagkar 


The timing of sunrise and sunset has a 
remarkable influence on the lives of 
plants and animals. Diurnal animals, 
like most birds, wake up at sunrise and 


begin their activities as if they know 
that an early bird gets the worm. So do 
most of the mammals including humans, 
except perhaps students in the hostel! 


Conversely, nocturnal animals wake up 
at sunset and go to sleep at dawn 1 . No¬ 
where can this be witnessed more spec T 
tacularly than in the caves of Madurai 
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Figure 1. A Phase Response Curve (PRC) depicts the sensitivity of the clock to per¬ 
turbations at various phases. Any point in a 24-hour cycle is a phase and is meas¬ 
ured in circadian time (CT). The time at which a diurnal animal wakes up and a 
nocturnal animal goes to sleep (dawn) for example, is CT 0. Every hour after CT 0 is 
expressed as CT1, 2 and so on. An animal free-running in constant conditions (for 
e.g. DD) starts its activity every day at constant time intervals. Looking at the times 
of onset of activity for a few days, it is possible to predict the expected time of onset 
of subsequent days. If such a free-running organism is exposed to some perturbation 
(for example, a brief light pulse), the onset of activity can get advanced or delayed or 
remain unchanged depending on the time of perturbation. The time difference be¬ 
tween the expected time of onset and the observed time of onset of activity is called 
‘phase shift’. A plot of the phase shifts against the circadian phase at which the per¬ 
turbations were administered gives a PRC. Conventionally, the delay phase shifts are 
denoted as negative values and plotted below 0 and advance shifts are positive val¬ 
ues plotted above 0. The mid point 0 is when no phase shifts occurred. Given here is 
the PRC for the field mouse Mus booduga constructed for fluorescent light pulses of 
1000 lx intensity for 15 minutes duration 6 . In a PRC, the phases 0-12 are called the 
subjective day and phases 12-24 (0) are called subjective night. Note that maximum 
delay phase shifts occurred at CT 14 which is at the early subjective night and maxi¬ 
mum advance phase shifts occurred at CT 20 which is at late subjective night. A light 
pulse in subjective day evoked minimum response. What is the significance of such 
phase shifts? Mus booduga is a nocturnal animal and it starts its activity at CT 12. A 
pulse at early subjective night evokes a delay response. It may probably be so be¬ 
cause the animal ‘thinks’ that it has woken up early that day and that is the reason for 
‘seeing’ light at that time of the day. So, it should delay its time of wake-up the next 
day, and hence is the resultant delay phase shift. Alternatively, a light pulse at the 
late subjective night evokes advance responses. In this case, the animal might think 
that it overslept on the day of the pulse and hence should advance its onset of activ¬ 
ity the next day. At subjective day, the animal expects to see light, any way, and 
hence the minimum response. The PRC reveals the ecological advantage that cir¬ 
cadian clocks confer on organisms. The clock is well tuned to escape predator pres¬ 
sure and increase survival value. 


where one can see tens of thousands of 
bats emerge almost simultaneously at 
dusk, forming a cloud of bats that can¬ 
not be easily forgotten 2 . 

Such periodic behaviour is not re¬ 
stricted to sleep and wakefulness alone. 
Our body temperature, for example, 
shows a rhythmic rise and fall with the 
highest value at about noon and the 
lowest value when we are in deep sleep. 
Even plants obey the sun-their leaves 
droop during night and open at dawn 3 . 
Mice kept in cages exercise on their 
running wheels at night (they are noc¬ 
turnal) and rest during the day. It turns 
out that this rhythmic behaviour does 
not merely mimic the movement of the 
sun. Living organisms have an internal 
clock that allows them to oscillate their 
activities with fixed periodicities. The 
most commonly observed periodicity is 
circadian , meaning ‘about 24 hours’. 
When the same individuals are kept in 
continuous light (LL) or continuous 
darkenss (DD) they still show a perio¬ 
dicity of about 24 hours. For example, 
the internal clock that drove the tem¬ 
perature cycle of one of us when denied 
information about the day-night cycle, 
showed a periodicity of 24 hours and 28 
minutes 4,5 . If continuously denied ac¬ 
cess to external cues the internal clock 
will gradually drift out of phase with the 
day-night cycle as small changes will 
add up every day. This state is called 
free-run. In nature, organisms do not 
free-run because the biological clock is 
fine-tuned every day in relation to the 
time of sunrise and sunset, much as we 
might reset our watches periodically. 
Such fine tuning is called entrainment . 
Biological clocks will also entrain to 
light-dark (LD) cycles, other than what 
is found in nature, if provided appro¬ 
priate artificial LD cycles in the labora¬ 
tory. For instance, when the field mouse 
Mus booduga was kept under conditions 
of 22 hours of light and only 2 hours of 
darkness, it remained active only for 
about 2 hours and 28 minutes and rested 
for the remaining 21 hours 32 minutes 6 ! 
The adaptive significance of timing 
activities in relation to the day-night 
cycle is quite obvious - a diurnal animal 
would be quite lost and vulnerable at 
night as would a nocturnal animal dur¬ 
ing the day. 

One of the lowest organisms to have a 
well-developed biological clock is the 
fungus Neurospora crassa , a favourite 
model system in molecular genetics. 
This fungus produces asexual spores 
called conidiospores and the release of 


420 


CURRENT SCIENCE, VOL. 70, NO. 6, 25 MARCH 1996 




RESEARCH NEWS 


these spores is rhythmic and occurs 
once in about 24 hours. This can be 
observed by bands called conidial bands 
and the intervals at which these bands 
are produced mark the period of the 
rhythms. The conidation cycle entrains 
for example to LD 12:12 hours, so that 
banding occurs once in 24 hours. As 
expected, the conidation rhythm free 
runs with a periodicity of about (but not 
exactly) 24 hours when the cultures are 
grown under LL or DD. Neurospora 
crassa has become one of the geneti¬ 
cally best studied organisms 7 , thanks to 
Beadle and Tatum who made it famous 
with their one-gene-one-enzyme hy¬ 
pothesis 8 . Little wonder then that 
N, crassa is now being used along with 
Drosophila melanogaster , to unravel 
the genetic basis of the biological 
clock 9 ’ 10 

Feldman and Hoyle 11 first isolated 
mutants of N. crassa which showed 
drastic alterations in period length. 
These mutants repeatedly mapped on 
one locus, the frq, which is therefore, 
clearly responsible for clock functions. 
This is reminiscent of the similar per 
locus of D. melanogaster which is 
known to be the canonical clock gene in 
that system. The frq gene has since been 
cloned and sequenced 12 . The frq of 
N. crassa shows 44% identity and 23% 
conservative substitution with the per 
gene of Drosophila , suggesting the 
evolutionary relatedness of frq and per 
in spite of their being located in rather 
distantly-related organisms. As in the 
case of Drosophila per gene, the intra¬ 
cellular concentrations of frq mRNA as 
well as FRQ protein also vary rhythmi¬ 
cally, with a periodicity mirroring the 
conidation rhythm, both in the wild type 
as well as in the short period, long pe¬ 
riod and arhythmic mutants. Thus, the 
frq mRNA and protein levels are ele¬ 
vated during the day and depressed 
during night. These patterns appear to 
be brought about by the ability of the 
FRQ protein to negatively autoregulate 
frq gene effectively at night, but not 
during the day 13 . Cultures free-running 
with different periodicities can be 
brought to the same phase and made 
synchronous by inducing a burst of FRQ 
protein synthesis showing that FRQ 
protein is the ‘state variable’ of the 
clock of Neurospora - a state variable is 
a central clock component whose 


rhythmic expression or activity, not 
mere presence in the cell, is essential for 
the normal operation of the clock 14 . 

But establishing FRQ protein as the 
state variable of the clock is not enough. 
The more important question concerns 
how entrainment to the external 24 hour 
cycle occurs in nature. The Phase Re¬ 
sponse Curve (PRC) (Figure 1) is a 
convenient tool to study the mechanism 
of entrainment. Since a brief pulse of 
light instantaneously resets most bio¬ 
logical clocks, Pittendrigh argued that 
light, when received by a photoreceptor, 
effects an instantaneous change in a 
state variable which triggers various 
changes leading to overt expression of 
rhythms 15,16 . If frq encodes a state vari¬ 
able, Pittendrigh’s model would predict 
that a light pulse should bring about an 
immediate increase in frq mRNA pro¬ 
duction. Crosthwaite et a /. 17,18 have now 
confirmed this prediction in a series of 
elegant experiments. This means that 
transcription of the frq gene is the first 
step in light-mediated resetting of the 
Neurospora circadian clock. Even as 
this is a major advance in our under¬ 
standing of the molecular machinery 
constituting the biological clock, it 
opens up a new paradox. If the presence 
of light induces the transcription of the 
frq gene, how does Neurospora express 
a fire-running rhythm under LL? Meas¬ 
urement of levels of frq mRNA under 
LL showed that although there is 
probably an underlying low amplitude 
oscillation, there is a generally elevated 
level of 'frq mRNA under continuous 
light. If this answers one question it 
opens up another - whatever happened 
to the autoregulation of frq - why did it 
not bring down frq mRNA levels under 
LL? It turns out that continuous light 
abolishes the autoregulatory capacity 
which is however witnessed the moment 
cultures are transferred from light to 
dark. These experiments have thus dem¬ 
onstrated that rapid induction of frq 
mRNA is the first step in response to 
light and that this, with the aid of its 
autoregulatory property, allows the 
Neurospora clock to entrain to external 
LD cycles as well as to appropriately 
reset in response to a light pulse given 
at any phase of the cycle. The free- 
running of the endogenous clock under 
LL or DD, however, must depend on 
intra-cellular cues other than rapid in 


duction of frq mRNA and its subsequent 
autoregulation. This latter aspect re¬ 
mains poorly understood. Nevertheless, 
it is fair to say that the mystery sur¬ 
rounding the circadian clock has begun 
to melt under the power of molecular 
technology! 
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Membrane ion channels: Visualizing the invisible 


S. K. Sikdar 


The pioneering work of Hodgkin and 
Huxley in the 1950s suggested that the 
permeability of ions through the mem¬ 
brane is controlled by changes in mem¬ 
brane potential such as that occurs when 
the membrane of a nerve or a neuron 
fires an action potential. As early as the 
1950s (refs. 1, 2) with much ingenuity 
and foresight, they recognized that the 
permeability had to be preceded by 
movement of charged ‘gating particles’ 
in the membrane. They could not, how¬ 
ever, provide clear electrophysiological 
evidence for actual movement of 
charged gating particles, although from 
their observations they could suggest 
the involvement of charges in the gating 
process. 

It was Armstrong and Bezanilla 3 who 
first clearly demonstrated a current 
component hidden in the capacitive 
transient (owing to charging of the 
membrane capacity), preceding the cur¬ 
rent originating from ionic flux. This 
was demonstrated by careful leak- 
subtraction, and they named this current 
component as the ‘gating current’. The 
observation was much debated and ini¬ 
tially considered with much scepticism. 
The existence of the gating current 
component preceding the ionic current 
is now firmly established for voltage¬ 
gated ionic channels. 

With the introduction of recombinant 
DNA technology in the field of voltage¬ 
gated ionic channels in the 1980s, the 
primary structure of a variety of 
voltage-gated ionic channels has 
now become available and the impor¬ 
tance of the membrane spanning seg¬ 
ments in channel function is being 
worked out. It is now fairly accepted 
that the S4 membrane spanning segment 
of the voltage-gated ionic channels is 
the ‘voltage sensor’. The voltage sens¬ 
ing arises from the positively charged 
arginine (R) or lysine (K) residues at 
every third position, with non-polar or 
hydrophobic residues in between, and 
this basic pattern is conserved among 
the voltage-gated Na, K and Ca chan¬ 
nels, which are important in patterning 
action potential waveforms in excitable 
cells. 

There have been interesting models to 
suggest the conformational rearrange¬ 
ment of the S4 on changing the electri¬ 


cal field across the membrane. An 
important one is the ‘sliding-helix’ 
model 4,5 , which suggests that the S4 
segment exists as an a-helix in the 
membrane and is pushed out as a twist¬ 
ing rod inside a cylinder of correspond¬ 
ing negatively charged sites of the 
neighbouring helices (see Figure 1). 
Opening of the channel requires an out¬ 
ward movement of the S4 helix, and 

K + 


thereby movement of charged residues 
through the electrical field across the 
membrane. The ‘propagating helix’ 
model 6 on the other hand, suggests that 
the S4 segment undergoes an a-helical 
to (3-sheet transition, that moves out¬ 
ward carrying the charged residues 
across the membrane. 

The physical movement of S4 and its 
residues, however, has so far been 



C-TMRM 


a - resting 
b - depolarized 




t 


T gatii 
curr 


voltage 


V__t 


fluorescence 


time (ms) 

Figure 1. The schematic shows a K + channel consisting of 4 homo monomers 
(tetramer) embedded in the membrane. One of the monomers (I) is enlarged to show 
each monomer consisting of 6 membrane spanning segments which are represented 
as cylinders. The fourth segment (S4) is shown in lighter shade, and the spiral repre¬ 
sents the a.as arranged to form an a-helix. The dark dot within the S4 represents the 
fluorescent label TMRM, tagged to a cysteine residue (C-TMRM) of the mutated K + 
channel. Changing the membrane potential from resting (hyperpolarized), a to a depo¬ 
larized b potential, causes an outward movement of the S4, resulting in the move¬ 
ment of charged a.a. residues (+) and the TMRM-tagged cysteine. 

The outward movement of S4 is monitored electrophysiologically as a gating cur¬ 
rent, and by fluorescence quantitation as a decrease in fluorescence intensity owing 
to the movement of the TMRM labelled cysteine from the non-polar environment of 
the membrane to the polar environment of the extracellular recording medium. 
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‘invisible’, lending much doubt to the 
acceptance of either the ‘sliding helix’ 
or the ‘propagating helix’ models. 

In a recent issue of Science, Man- 
nuzzu, Moronne and Isacoff 7 report the 
development of an important fluorescent 
technique along with electrophysiologi- 
cal measurements of gating currents, 
whereby they have ascertained the 
physical outward movement of the S4. 

For fluorescence, they used the mem¬ 
brane impermeant dye, tetramethyl rho- 
damine maleimide (TMRM) which is 
sensitive to solvent polarity, viz., 
changing from a non-polar environment 
to a more polar one, causes a substantial 
decrease in the fluorescence. They rea¬ 
soned that if the dye could be conju¬ 
gated to specific ‘reporter sites’ within 
the S4, then outward movemem of the 
S4 pulling the reporter site along with 
the tagged dye, would be signaled as a 
decrease in fluorescence. In order to 
conjugate the dye to specific sites 
within the S4, they mutated specific 
amino acid (a.a.) residues in S4 while 
retaining the charged residues. A pre¬ 
liminary confirmation of the feasibility 
of such an approach was done by confo- 
cal imaging, where the depolarization 
was induced by exchanging a hyperp.o- 
larizing extracellular solution 
(containing A-methyl D-glucamine) with 
a depolarizing one (containing high 
KC1). 

The relation between changes in the 
environment of S4 and displacement of 
gating charge was done by measuring in 
parallel, the changes in fluorescence 
(using a photomultiplier tube connected 
to a microscope with epi-fluorescence 
attachment), and the gating currents 
using two-electrode voltage-clamp. Ex¬ 
periments were done on frog oocytes, 
transiently expressing a mutated non¬ 
conducting, non-inactivating shaker 
ShH4 K + channel containing cysteine 
residues in the S4 segment. Selection of 
a non-conducting K + channel type was 
indeed clever, since the additional con¬ 
tribution of current through the ionic 
channel would not affect the recording 
of fast-gating currents which is indeed a 
problem with these electrophysiological 
measurements, and for conducting 
channels these measurements have to be 


done by using specific channel blockers. 
To make the binding of the fluorescent 
dye more specific to the ionic channels 
themselves, they incubated the xenopus 
oocytes pre-injected with the mRNA 
coding for the mutant K + channel men¬ 
tioned above, with tetraglycine 
maleimide for 1 h which blocks sulfhy- 
dryl groups of native membrane pro¬ 
teins. Following this, they allowed a 
waiting period of 12-14 h to permit 
newly-synthesized channels to get in¬ 
serted into the plasma membrane. They 
added the fluorescent label TMRM to 
the extracellular medium, and monitored 
the fluorescent intensity changes upon 
electrical activation of the membrane 
with rectangular voltage pulses. The 
observations are schematically repre¬ 
sented in Figure 1. 

Briefly, the depolarizing voltage steps 
moved the gating charges (+vely 
charged R & K), measured as a gating 
current, and parallely evoked a graded 
and saturated decrease in the fluores¬ 
cence. For the mutants with the largest 
fluorescence change (M356C, A359C 
and R365C), the fluorescence-voltage 
relation (F-V) closely correlated with 
the gating charge (integral of gating 
current)-voltage (Q-V) relation (not 
shown in the figure). 

They conclude that a stretch of at 
least 10 a.a. residues (356 to 365) ex¬ 
periences a change of environment from 
the hydrophobic membrane to the hy¬ 
drophilic exterior. The large scale S4 
movement agrees with the models which 
propose movement of the S4 and is 
consistent with the large charge move¬ 
ments that occur during gating. 

While Yang and Horn 8 attempted to 
demonstrate the gating movement of S4, 
their measurements which utilized ex¬ 
tracellular treatment with MTS-ethyl 
trimethyl ammonium (MTSET), which 
adds positively charged group to cyste¬ 
ine residues by disulfide linkage, were 
indirect and limited by the method re¬ 
porting the end points of the gating 
transition. The combination of quantita¬ 
tive fluorescence and gating current 
measurements reported by Mannuzzu, 
Moronne and Isacoff 7 has, however, 
provided a completely newer informa¬ 
tion about the transition through gating 


intermediates between the end points, as 
the gating actually proceeds. This is 
indeed a very significant contribution, 
and would help us get a better under¬ 
standing of the conformational rear¬ 
rangements in the different domains of 
the channel protein upon changing the 
electrical field across the membrane. 

Application of fluorescence technique 
to quantitate ionic concentrations such 
as Ca inside a single cell, combined 
with electrophysiological measurements 
of ionic transport at the membrane level, 
has now been around for sometime giv¬ 
ing us interesting insights about the 
intracellular signalling mechanisms in 
single living cells. Application of a 
similar approach to understand the 
change in conformational rearrange¬ 
ments within channel proteins as they 
open in response to a change in electri¬ 
cal field, and its successful demonstra¬ 
tion has been long awaited, but not 
entirely unthought of. The trio’s work is 
indeed very significant and opens up 
many more interesting experimental 
possibilities. 
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The Academy Fellowship problem - no quick fixes 


The analysis of the academy fellowship 
problem by J. V. Narlikar ( Curr . Sci ., 
1995, 69, 969-970) is most interesting, 
and I have spent an instructive and en¬ 
tertaining couple of hours going through 
his beautiful solution. I have (i) a small 
addition to make to the latter, and (ii) a 
comment on why the simple example he 
uses to illustrate the behaviour of the 
solution is too optimistic as far as the 
rate of improvement of the median 
quality (the rate of increase of M n with 
n) is concerned, even in the framework 
of the ‘toy’ model proposed, 
i) Equation (9), namely. 


M n — M n _\ 


n 

2^(l-A/ r _ I r l +2AoiV- 1 


>1 


L r=l 


where M 0 = 1/2 does have a simple 
closed form solution. It is M n = (1/2) 
[Nq + (2 n + 1 )N]J[N 0 + (n + l)N], which 
is not too different in structure from the 
continuum solution exhibited in eq. 
(13). 

ii) The most interesting aspect of the 
implicit relation (7) for M n is the strong 
dependence on the initial cumulative 
distribution function / 0 (x). (It is evident 
that the solution for subsequent evolu¬ 
tion remains valid even if the time ori¬ 
gin t - 0 is set at any epoch in the 
evolution of the fellowship population, 
i.e., it is independent of the manner in 
which /o (jc) itself was arrived at.) The 
approach of M n to the value 1 (the state 
of perfection!) as n increases is strongly 
governed by the initial distribution / 0 (x). 
Now, the assumption of a uniform 
density in the quality factor x for the 
general pool of scientists (g'(x) = 1, 
g(x) = x ) is quite reasonable, and it is 
hard to see how this can be improved 
upon significantly, e.g., g(x) made to go 
like x?, p > 1. However, the assumption 
of a uniform distribution for the existing 
or initial fellowship, fo'(x)/N 0 = 1 or 
f 0 (x) = Nqx, is more open to question. 
(Among other factors, it must be re¬ 
called that the quality variable x appear¬ 
ing in f 0 (x) is the same variable that 
appears in g(x).) This aspect is all the 
more important because, given the fact 
that N 0 is necessarily »N > 1, it is the 
form of fo(x) that controls the manner in 
which the median M n approaches unity 
as n increases. It is far more likely that 


fo(x) will be more depleted for small x 
than Nqx, while enjoying a greater prob¬ 
ability mass for larger x- after all, ear¬ 
lier selections must have, by and large, 
focused on the ‘superior’ part of the 
general pool! One thus has strong rea¬ 
son to believe that the density function 
fo\x) is actually peaked at some value x p 
that is < 1 , but which is not less than 
1 / 2 , however uncharitably one views the 
existing fellowship. The cumulative 
distribution thus has a typical sigmoidal 
shape. In keeping with the premises of 
the toy model, let us assume a symmet¬ 
ric /o'(x) with a peak at x = 1/2 (so that 
Mo = 1/2). A possible functional form is 
/o(x) = x 2 (3-2x)Aq. However, the ensu¬ 
ing cubic recursion relation for M n is 
not too tractable. There is, however, a 
very simple way of making a slight 
modification of the original assumption 
/ 0 (x) = Nox that captures the relevant 
features of a peaked density - namely, 
the piecewise linear function (roughly 
sigmoidal in shape) 

fo(x) = 

0 , for 0 < x< ^-6 

< ^(x--j) + ^A 0 ,for \-d<x<\+6 

Nq, for ^+ 6 <x<l. 

For 6 = 1/2, this reduces to / 0 (x) = AqX. 
The width of the peak in the density 
/o'(x) is measured by 6 . The point is that 
6 is not likely to be of the order of unity 
(e.g., 6 = 1/2 or something of that order 
of magnitude); rather, 6 is most likely to 
be small in comparison with unity, i.e., 
6 ~ Nq^ where a is a positive index 
(simple arguments suggest a - 1/2 or 
even a = 1, for instance). Whatever 6 is, 
we can use the foregoing form for / 0 (x) 
in eq. (7) of Narlikar to arrive at the 
solution 

M n = (1/2) [N 0 + (2n + 1)7/6]/ 

[N 0 +(n+\)Ndl 

This is just the original solution with N 
replaced by A 6 , but, since 6 is expected 
to be small compared to unity, the time- 
scale on which one has significant in¬ 
crease in x now changes from n ~ N 0 /N 
to n ~ N 0 /(N 6 ). And, since 6 is small, 
this makes a big difference. A rough 
estimate shows that even a - \I2 leads 
to an improvement time scale.that is at 


least an order of magnitude larger than 
the earlier estimate: with the values 
Nq = 500, N = 20 used by Narlikar 
to illustrate the solution, and with 
6 ~ AT 172 , we see that it would take 
about 250 years, rather than 25 years, to 
effect a sizeable improvement in the 
median value from its initial value of 
1/2. The assumption of immortality is, 
of course, absurd now, but a little more 
analysis shows that taking a steady and 
uniformly distributed depletion into 
account does not change the qualitative 
conclusions we have arrived at. 

Although the model is a ‘toy’ model 
as already emphasized by Narlikar, and 
numerous refinements can be thought 
of, it seems to be quite reliable in its 
basic message regarding the strategy 
required for improvement, and the time 
scale on which the latter can be ex¬ 
pected to occur. The strategy of select¬ 
ing fellows in year n such that all of 
them are ‘superior’ to the preceding 
year’s median (or some variant thereof) 
is not a bad one; it will lead to a steady , 
but not quick , improvement in quality. 
There seem to be no quick fixes in this 
matter. And if one thinks about it, 200- 
300 years is precisely the time-scale on 
which the great science academies of 
Europe have reached a stage at which 
the median quality is excellent. In the case 
of the USA, the ‘quick fix’ was undeniably 
fuelled by the en masse transportation of 
talent from elsewhere during several 
periods in this century, not to mention 
the out-of-the-ordinary circumstances 
pertaining to the cataclysm of the Sec¬ 
ond World War and its aftermath. 

In conclusion, I feel that this is a 
matter in which we have no option but 
to take the long view. It is understand¬ 
able that, as individuals, we should like 
to see things improve significantly in 25 
years or so; but the weight of the initial 
conditions would appear only to permit 
this to occur (and that too if the effort is 
sustained relentlessly) in 250 years or 
so. But the effort is surely worthwhile. 
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Hyphal interaction between Trichoderma koningii and 
Ustilago segetum tritici through scanning electron microscopy 


Trichoderma koningii Oud. has been 
reported to be a potential antagonist of 
Ustilago segetum (Pers.) Roussel tritici 
Jensen, the causal organism of loose 
smut of wheat 1 . Earlier, Aggarwal et air 
reported that T. viride , Bacillus suhtilis 
and Gliocladium deliquescens sup¬ 
pressed the expression of loose smut 
infection in the field. One of the pre¬ 
requisites for the rational utilization of 
the biological properties of a potential 
antagonist is an understanding of the 
mechanisms underlying the mycopara- 
sitic process. We report here the 
mechanism of interaction between T 
koningii and U. segetum tritici through 
scanning electron microscopy (SEM). 

One ml chlamydospore suspension of 
U. segetum tritici prepared in sterilized 
water having 15 x 10 5 - 25 x 10 5 
spores/ml was poured into Petri plates 
containing 2% plain agar. The inocu¬ 
lated plates were incubated at 20 ± 1°C 
for 2 days. The germinated chlamy- 
dospores were marked and transferred to 
potato dextrose agar (PDA) slants and 
maintained at 20 ± 1°C. T. koningii was 
isolated from wheat rhizospheric soil by 
dilution plate method and maintained in 
PDA slants. 

Hyphal interaction between U. 
segetum tritici and T. koningii was 
studied by dual culture test. An agar 
disc containing mycelium of the patho¬ 
gen was inoculated in one corner of 
PDA-poured Petri plate and incubated 
for 3 weeks at 20 ± 1°C. The agar disc 
containing actively growing T. koningii 
culture was inoculated on the other side 
of plate and incubated at 20 ± 1 °C for 
3-4 days. Mycelial samples from the 
interaction region were cut by a cork 
borer and processed for scanning elec¬ 
tron microscopy. 

Mycelial samples from the interaction 
zone were vapour fixed with 2% (w/v) 
osmium tetraoxide in distilled water for 
20 h at room temperature, dried in a 
desiccator over CaCl 2 for 24 h and 


Figure 1 a-c. Hyphal interaction between 
Trichoderma koningii and Ustilago segetum 
tritici as seen through SEM. a , Showing x 
overgrowth; b , Showing penetration pegs; c , ” 
Showing hook-like penetration pegs. 
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sputter-coated with gold in a sputter 
coater (JE 1100). Samples were kept in 
the desiccator until examination by 
SEM (JEOL, JSM 5200) at 20 kV and 
micrographs were taken. 

Mycelium of U. segetum tritici was 
totally overgrown by T. koningii, which 
sporulated abundantly after 4 days. 
SEM observations also showed over¬ 
growth of T. koningii on the hyphae of 
U. segetum tritici (Figure 1 a). The an¬ 
tagonist formed penetration pegs with 
slightly enlarged tips at a few places 
(Figure 1 b). Sometimes hook-like pro¬ 
jections were also seen penetrating the 
host mycelium (Figure 1 c). The myce¬ 
lium of U. segetum tritici was sup¬ 
pressed and lysed. The collapse and 
lysis of host pathogen may be attributed 
to the production of antifungal sub¬ 


stances. The disorganization of the host 
cells and concomitant changes in the 
cells of the parasite have been estab¬ 
lished for Trichoderma spp. and Glio- 
cladium spp 1,3 . Benhamou and Chet 4 
demonstrated through SEM that coiling 
of the antagonist (T. harzianum) around 
its host (, R . solani) was an early event 
preceding hyphal damage. 

The present study revealed that the 
physical contact between the two fungi 
followed by lysis of the host cells seems 
to be the mechanism of biological con¬ 
trol of Ustilago segetum tritici. 


1. Mondal, G., Srivastava, K. D. and 
Aggarwal, R., Annual meeting (Delhi 
Chapter) Indian Phytopathological Soci¬ 
ety held at IARI, New Delhi, 21st Dec. 
1994, p. 9. 


2. Aggarwal, R., Srivastava, K. D., Singh, 
D. V., Bahadur, P. and Nagarajan, S., 
Indian J. Bio. Control , 1992, 6, 111-112. 

3. Hoch, H. C., Mycologia, 1978, 70, 370- 
379. 

4. Benhamou, N. and Chet, I., Phytopathol- 
ogy, 1993, 83, 1062-1071. 
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Ecology of forest fires in chir pine (Pinus roxburghii Sarg.) 
forests of Garhwal Himalaya 


Research over the last five decades has 
proved fire as a part of normal ‘climate’ 
in most of the terrestrial ecosystems of 
the world. Therefore, biotic communi¬ 
ties adapt to and compensate for this 
integral factor, just as they do for other 
ecological factors 1 , e.g. temperature, 
rainfall, humidity, etc. It is believed that 
if properly used fires can be a manage¬ 
ment tool of great value. The effects of 
fire on vegetation depend on a number 
of factors, e.g. topography of the land¬ 
scape, the structure of vegetation, fire 
intensity and its mode of spread, types 
of fuel and fuel loading, season of 
burning, post fire precipitation etc. 

In any terrestrial ecosystem fire can 
be of natural origin (lightning, volcanic 
eruption, spontaneous combustion and 
spark produced by rock slides) or man- 
caused 2,3 . Of the total incidents of forest 
fire in this Garhwal Himalayan region, 
63% were man-caused intentional and 
remaining 37% were accidental 4-6 . In¬ 
tentional fire is started traditionally by 
the natives in the pine forests and asso¬ 
ciated grazinglands mostly during sum¬ 
mer season to enhance forage. In 
addition to this, graziers, school boys, 
forest contractors and forest personnel 
for various reasons cause intentional 
forest fire. Among the important causes 


of accidental forest fire are fire escaped 
during burning of crop remains from the 
agricultural fields, flames escaped from 
fire lines during controlled burning by 
forest department, a live cigarette or 
bidi butt thrown by a careless passerby, 
motor road repairs, cooking and camp¬ 
fire activities, respectively, of pilgrims 
and tourists etc 4-6 . 

Among the two types of forest fire 
viz., surface fire and crown fire or wild 
fire 1 , most of the pine and other forests 
experience surface ire in the Garhwal 
Himalaya. The total burnt area under an 
event of forest fire seldom exceeds 4-5 
km 2 in any pine forest stand of this 
region. Usually the frequency of fire in 
the forests has been observed to be 2-5 
years while 11% pine forests of the re¬ 
gion experience fire annually 5,6 . Surface 
fire follows two main mode of spread¬ 
ing. It may travel down from hill top to 
hill base, generally at a slow pace, or it 
may ascend up from hill base to top. 
The ascending blaze spreads at high 
speed (difficult to control) but the ef¬ 
fects on vegetation generally remain 
lower. However, sometimes ascending 
flames culminate in severe crown fire. 

In Garhwal Himalaya forests situated 
between 300 m and 2000 m above m.s.l. 
can be considered as fire prone. The 


region between 1000 and 1800 m above 
m.s.l. is mainly dominated by chir pine 
(Pinus roxburghii ), forests representing 
densely populated zone of the region. 
People derive fodder and other forest 
produce for their subsistence living 
from the surrounding chir pine forests. 
The pine forests having relatively thin 
canopy provide congenial environment 
for the growth of herbaceous vegetation 
comprising grasses, sedges, legumes and 
other non leguminous species. The her¬ 
baceous vegetation shows maximum 
diversity under pine forests than any 
other forests of the region 7 . The average 
peak herbaceous biomass production 
(used as fodder) from the chir pine for¬ 
ests of this region has been estimated as 
much as 3.31 t per ha 7 . The pine needles 
are collected for animal bedding and are 
used as manure after decomposition. 
The average litterfall from the chir pine 
forests has been estimated as 8.5 t per 
ha per year 7 . Besides, timber, tylosed 
wood, tree bark, fuel wood, etc. are also 
collected from the pine forests. 

Pine forests of the world, African sa¬ 
vannas and Mediterranean shrublands 
are considered as fire adapted/ 
dependent ecosystems because their 
continued existence depends on the 
periodic occurrence of fire 2 . In this re- 
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gion too, it would be difficult to find 
any pine forest stand which has no prior 
fire history 7 . Species growing in such 
ecosystems develop various reproduc¬ 
tive and anatomical adaptive character¬ 
istics namely, dormant buds embedded 
in fire-resistant foliage, soil and bark; 
quick sprouting; increased flowering 
serotinous cones; increased seed libera¬ 
tion; stimulated germination and thick 
fire-resistant bark 2 . In the chir pine for¬ 
ests some other prominent species pres¬ 
ent are Lyonia ovalifolia, Myrica 
esculenta (tree), Rhus parviflora, 
Crataegus crenulata (shrub) and Chry- 
sopogon aciculatus , Heteropogon con - 
tortus, Arundinella nepalensis (grass), 
crotalaria albida , Desmodium micro- 
phyllum (legume) and AnaphaHs spp. 
Ajuga parviflora , Micromeria biflora 
(other non leguminous forbs‘> which 
have been identified as fire resistant 7 . 

Studies on pyrology suggest that sur¬ 
face fire (low intensity fire) is not nec¬ 
essarily damaging to the forest as this 
helps in reducing combustible material 
to minimum and thus reduces the 
chances of severe crown fire (generally 
thought to be harmful in any land¬ 
scape 3 ). It also helps to open the locked 
up nutrients in the biomass pool 
quickly, breaks the dormancy of the 
seeds and buds of many species, and 
promotes the growth of herbaceous 
vegetation. However, in the Himalaya 
where fragility remains to be the domi¬ 
nant factor in all types of ecosystems, 
further indepth researches are required 
to study the ecological implications of 
fire before recommending it as a man¬ 
agement tool. On the other hand, crown . 
fire (wild fire) generally destroys the 
ecosystem and it takes many years be¬ 
fore the system becomes productive 
from man’s point of view 1 . The destruc¬ 
tion caused by this type of fire during 
the summer season in the Himalayan 
forests to the flora and fauna is greater 
than any other anthropogenic pressure 


on these forests e.g. for fodder, fuel- 
wood and other products. Severe fire is 
detrimental to sequester the efforts 
made through afforestation, regenera¬ 
tion, and conservation programmes in 
this region. The crown fire which is 
mostly the result of ascending surface 
fire often spreads from the pine forests 
to the adjacent oak forests (generally 
located at the higher ranges, ecologi¬ 
cally important and socially valued) and 
destroys the canopy, disturbs nutrient 
cycling, thus affecting ecosystem struc¬ 
ture and function. Opening up of the 
oak forests through fire provides suit¬ 
able conditions for the pine (an early 
successional, low nutrient demander and 
shade intolerant species) to invade the 
oak forests which is posing a serious 
threat to the ecological balance of this 
region 8,9 . Thus, one can establish a clear 
relationship among man, fire, pine for¬ 
ests and replacement of the oak forests 
in this part of the Himalaya. 

Presently, there are no concrete 
strategies to prevent fires in the Garh- 
wal Himalayan forests except by con¬ 
trolled burning by the forest department 
(with the help of few fire butchers) 
much before the onset of summer season 
and fire fighting by the local people in 
the event of a fire outbreak. Further, the 
controlled burning by forest department 
to minimize the chances of severe fire in 
the pine forests during summers has little 
significance because maximum litterfall 
(fuel loading) in this forest occurs 
during the summer season (May and 
June) 7 . 

Considering the above situation and 
realizing that the existing control meas¬ 
ures are not adequate and also our sci¬ 
entific knowledge about the effects of 
fire on the Himalayan forest ecosystems 
is limited, in-depth and long term sci¬ 
entific studies should be carried out to 
understand the proper role of fire in the 
functioning of pine forest ecosystems of 
the region. 
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2. Craig Chandler, Cheney, P., Thomas, P., 
Traboud, L. and Williams, W., Fire in 
Forestry, Wiley Interscience, New York, 
USA, 1983, vols I and III. 

3. Anonymous, Proceedings of the 17th Tall 
Timbers Fire Ecology Conference on 
High Intensity Fire in Wildlands, Man¬ 
agement Challenges and Options, Talla¬ 
hassee, Florida, 1989. 

4. Tiwari, S. C., Rawat, K. S. and Semwal, 
R. L., Johsard, 1986, 9-10, 45-56. 
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Nomenclature, classification and the basis of 
the Schedules in the Indian Wildlife 
(Protection) Act, 1972 


Prashanth Mohanraj and K. Veenakumari 

‘Without taxonomy to give shape to the bricks, and 
systematics to tell us how to put them together, the 
house of biological science is a meaningless jumble \ 

-R. M. May 1 

Two strategies are fundamental to the conservation of 
biodiversity. They are (i) the protection of endangered 
species to enable them to stage a recovery in population 
sizes, and (ii) the protection of habitats with minimum 
possible interference by man so that organisms (including 
the large number of unknown and undocumented species) 
can live in conditions as close to their natural state as 
possible. It is precisely with these objectives that the 
Wildlife (Protection) Act was enacted by the Government 
of India on 9 September 1972 (ref. 2). The Act was 
from time to time amended to plug loopholes to enhance 
its effectiveness in meeting these objectives. The most 
significant of these amendments came into force on 2 
October 1991 (ref. 3) when in addition to other changes, 
‘Chapter III A 5 was included to protect species of plants. 
With these«two years serving as points of reference we 
propose to examine: 

(i) changes in the representation of the biotic entities 
in the Schedules; 

(ii) the extent to which the listings in the Schedules 
conform to the rules laid down in the International Code 
of Zoological Nomenclature (ICZN), 

(iii) the internal consistency of the Schedules, and 

(iv) the rationale for listing and transferring taxa in the 
Schedules. 

The Schedules: An overview 

The number of Schedules in the Wildlife (Protection) 
Act increased from five in 1972 when the Act first 
came into force to six in 1991 when for the first time 
plants were included (in the newly created sixth 
Schedule), thus changing forever the zoocentric nature 
of the Act. The total number of plants and animals 
listed in the Schedules increased from 184 to 822. This, 
more than four-fold increase in 19 years indicates that 
on an average 34 animals or plants were being added 


Prashanth Mohanraj and K. Veenakumari are in the Central Agricultural 
Research Institute, P.B. No. 181, Port Blair, Andamans 744 101, India. 


annually. While Schedules I, II, III, IV and VI provide 
varying degrees of protection to the organisms listed in 
them, Schedule V is unique in having species (all listed 
by their common names only) labelled ‘vermin’ which 
are not afforded protection of any kind. Schedule I and 
Schedule II (Part II) species are covered by the most 
stringent regulations in the Act while species in Schedules 
II (Part I), III and IV are afforded progressively lower 
levels of protection. 

In 1972 it was only vertebrates represented by mam¬ 
mals, reptiles and birds, that found a place in the 
Schedules in the Act. In the succeeding years, amphibians 
(among vertebrates), crustaceans, insects (among the 
invertebrates) and finally plants were included in the 
Act. The proportion of mammals diminished from about 
60% in the 1972 Act to 17% in 1991 while invertebrates 
represented by butterflies, beetles, a dragonfly and the 
robber crab now constitute nearly 60% of all entries in 
the Schedules. Plants surprisingly constitute less than 
1% of the entries. Even within the vertebrates, the 
proportion of mammals diminished to 43% with additions 
to the list of birds, reptiles and a few (3 spp.) amphibians. 
Among the invertebrates, butterflies by far outnumber 
(92%) the others. 

The change in proportions is the result of an increase 
in the total number of entries in the 1991 Act as 
compared to the 1972 Act (Table 1). In particular, the 
proportion of species in Schedules I and II (Part II) 
has more than doubled from about 39 to 80%, implying 
that the vast majority of the organisms specified in the 
Act are now under stringent legislative protection. This 
tremendous increase in number of entries in these 
Schedules is because 57 of the 58 transfers effected 
since 1972 have been made to Schedule I (36 entries) 
and II (Part II) (21 entries) (Table 2). In addition, 531 
of the 638 new plants and animals that find a place in 
the Schedules have been added to Schedules I and II 
(Part II), which constitutes 83% of all additions. 

The increase in the level of protection given to species 
already listed in the Schedules and maximum protection 
being given to the majority of the species being added 
anew to the Schedules goes to show: 

(i) that 19 years of legislative protection has not helped 
species listed in the. Act to recover to population levels 
high enough to obviate the necessity for protection, and 
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Table 1. Comparison of the number and proportion of plants and animals in the 
Schedules in the 1972 and 1991 editions of the Indian Wildlife (Protection) Act 



Schedules in 
which listed 

1972 

1991 

n 

% 

n 

% 

Vertebrates 


177(4- 7) 

96.20(+ 3.80) 

322(4- 4) 

39.17(+ 0.49) 

Mammals 

i(i); II(I); 

111(4- 6) 

60.33(+ 3.26) 

137(4-3) 

16.67(4- 0.36) 


II(II); III; IV; V 





Birds 

I(III); IV; V 

60(+ 1) 

32.61(4- 0.005) 

133(4- 1) 

16.18(0.12) 

Reptiles 

KID; ll(R; 

6 

3.26 

49 

5.96. 


II(II); IV 





Amphibians 

II(I); IV 

— 

— 

3 

0.36 

Invertebrates 


_ 

_ 

490 

59.16 

Crustaceans 

I(IV) 

— 

— 

1 

0.12 

Insects 


— 

— 

489 

59.49 

Butterflies 

I(IV); II(II); IV 

— 

— 

451 

54.87 

Beetles 

11 ( 11 ) 

— 

— 

37 

4.50 

Dragonfly 

I(IV) 

— 

— 

1 

0.12 

Plants 


_ 

_ 

6 

0.73 

Gymnosperms 

VI 

— 

— 

1 

0.12 

Angiosperms 

VI 

— 

— 

5 

0.60 

Total 


184 


822 



Note: Figures in parentheses denote organisms included as vermin in Schedule V. 


Table 2. Changes in the number of entries in the Schedules of 
the Indian Wildlife (Protection) Act between 1972 and 1991 by 
way of transfers and additions 


Schedule 

Part 

Transfers between 
Schedules (1972-1991) 

Additions 
(up to 1991) 

Post 1972 
inclusions 
(transfers 

4- additions) 

From 

To 

I 

I 

— 

31 

5 

36 


II 

— 

1 

18 

19 


III 

— 

4 

22 

26 


IV 

— 

— 

130 

130 

II 

I 

23 

— 

8 

8 


II 

3 

21 

356 

377 

III 


11 

— 

— 

_ 

IV 


18 

1 

93 

94 

V 


3 

— 

— 

_ 

VI 


— 

— 

6 

6 

Total 


58 

58 

638 

696 


(ii) that many species previously not in need of protec¬ 
tion, now require protection by inclusion in the Act 
[and that too in Schedules I and II (Part II)]. 

No animals have been deleted from the 1972 Act. 
All of them remain in the 1991 Act. However a com¬ 
parison of the 1991 amendment with the 1986 amend¬ 
ment 4 shows the deletion of one beetle and 3 butterflies 
from Schedule II (Part II) and one species of fox from 
Schedule IV. These we feel, are in all probability 
inadvertent deletions rather than an indication of their 
having staged a recovery in population sizes eliminating 
the need for legislative protection. Such errors should 
be avoided at all cost in a document of this nature. 
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Nomenclatural inconsistencies and other 
anomalies 

Along with the inclusion of increasing numbers of plants 
and animals in the Schedules of the Act, there appears 
to be a progressive deterioration in the listing of species 
group names. Scientific names according to convention 
are to be italicized while names of higher taxa are not. 
In the 1972 Act, even families are italicized, while in 
the 1991 Act no scientific names —which number about 
700-are italicized. Many common names and scientific 
names in most Schedules are incorrectly spelt. The 
robber crab becomes a rubber (!) crab and Euchrysops 
cnejus is spelt as ‘Enchrysops onejus’ while Atella 
alcippe becomes the unpronounceable ‘Atella lscippe’. 
These are all Schedule I and Schedule II (Part II) 
species and they are only a smattering of such errors 
that one could point out from almost any Schedule in 
the Act. The spellings of scientific names are not to 
be taken lightly, for as detailed in the International 
Code of Zoological Nomenclature 5 , the difference of 
even a single letter in a genus or species group name 
signifies a different genus or species. Accordingly 
‘Encrhysops onejus’ is not the same as Euchrysops 
cnejus , the lycaenid butterfly that was first described 
by Fabricius and which is the species that exists ob¬ 
jectively in nature. No species by the former name has 
ever been described and so the name signifies no 
objectively existing species. Hence strictly speaking, no 
one can be prosecuted under any of the sections of our 
Wildlife (Protection) Act for hunting or trading 
Euchrysops cnejus for it does not exist in the^Act. And 
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no one would ever commit a culpable offense by cap¬ 
turing ‘Enchrysops onejus’ for no such species of but¬ 
terfly exists anywhere in our (or for that matter any) 
country! 

Ensuring that ‘each [scientific] name is unique and 
distinct’ is among the explicitly-stated objectives of the 
ICZN. To do this, the code lays down a number of 
rules which validate only a single name for a species. 
All other names are to be rejected as invalid. One can 
find quite some invalid scientific names in the Schedules 
of our Wildlife (Protection) Act. All the species listed 
under the genus Polydorus (Papilionidae) in Schedules 
I and II (Part II) for instance, are invalid names. They 
belong to the genera Pachliopta and Parides. 

Internal consistency 

The system of binominal nomenclature based on Lin¬ 
naeus, which we follow even today, is based on a 
system of ‘ranking in a hierarchy of categories’. While 
the ‘Kingdom’ is the highest category, the ‘Species’ 
forms the lowest rank in the hierarchy. Each lower 
taxon is included within all the taxa above it. This 
being the case, why should Cetatean (sic) sp. (other 
than those listed in Schedule I and Schedule II (Part 
II)) and the sperm whale [Physter (sic) mcicrocephalus] 
be listed in Schedule II Parts I and II respectively, 
when all species belonging to the order Cetacea (entry 
4A) are protected in Schedule I (Part I)? It also makes 
little sense to include Megapodidae in Schedule IV 
when the only species of the family that occurs in 
India, the Nicobar megapode (Megapodius freycinet) is 
already listed in Schedule I (Part III). 

A host of other inconsistencies can be detected in 
the Schedules of the W(P)A. The system of numbering 
the entries is very confusing. Why should all the but¬ 
terflies and beetles be given- against one number while 
each vertebrate species is listed against a number? There 
is inconsistency in the mention of common names for 
butterflies. Though butterflies figure prominently in terms 
of numbers in Schedule I, II and IV the common names 
of only the species listed in Schedule I are given. Most, 
even if not all, of the butterflies listed in Schedules II 
and IV have common names too. Then why aren’t they 
given? ‘Butterflies and moths’ say the titles in Schedules 
I and IV. Since the Act was passed in 1972 no moth 
has ever been listed! And, strangely in Schedule II (Part 
II) all the butterflies are listed under the entry ‘Beetles’ 
both in 1986 (ref. 4) and in 1991. Hypolimnas missippus 
(sic) has been listed in both Schedule I (Part IV) and 
Schedule II (Part II), while the same two species of 
pole cats are listed in Schedule II (Part II) and Schedule 
IV - for what earthly reason? An even more startling 
repetition is that of Sclaters’ monal Lophophorus sclateri 
which is included along with L. impejanus as entry 7-c 
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in Part III of Schedule I and nine entries later reappears 
as entry No. 13 in the very same Schedule. 

Rationale 

While most of the above are grave lapses in a document 
that has to pinpoint the species involved, to guide action 
on a very serious matter, a graver lapse occurs in the 
formulation of the Schedules. And that is the basis on 
which status assessments have been made for the species 
of invertebrates in particular. The listing of the majority 
of the invertebrate species has not (we feel) been done 
on the basis of objective field assessments. Scarcity in 
museum collections and information in early published 
works seem to have been the determining criteria for 
placing species in the Schedules. That these are not 
reliable criteria is amply evident from our observations 
of the butterflies of the Andaman and Nicobar islands. 
While most earlier reports indicate that Pachliopta coon 
sambilanga is very rare in Great Nicobar, we found 
them to be ‘plentiful’ 6 as described by Doherty over a 
100 years earlier when he first described them. Yet, 
since this species is poorly represented in museums and 
because no other collector, not even the nine collection 
parties of the ZSI between 1964 and 1976 found it, it 
has been entered in Part IV of Schedule I of the W(P)A, 
We have found Polyura schreiber tisamenus (Eriboea 
schreiberi in the Act) to be ‘not rare’ in the mangals 
of these islands. Yet it is a Schedule I species. Castalius 
rosimon alarbus (Schedule I) is another species that we 
have found to be quite plentiful. Why are they listed 
in the Schedule at all? Laxity in the listing of species 
in the Schedules, we feel, do them more harm than 
good. The very purpose of listing them in the Schedules 
is to enable them to recover from low population levels 
so that they will not be in danger of extinction. To 
achieve this, however, we need much more information 
about these species than we currently have. By listing 
them in the Schedules and protecting them totally we 
hamper the gathering of such information. 

The mere listing of a species in a Schedule is not 
enough to enable it to stage a recovery from declining 
numbers. For many, if not most, species listed in the 
Schedules we know very little or next to nothing about 
their ecological requirements. Without detailed 
knowledge of these requirements, it would not be possible 
to formulate effective protective measures for each of 
the species as part of a well-chalked out recovery plan 
to save the species from ultimate extinction. 

If stringent laws are clamped down on species on 
which little is known, then no manipulative studies can 
be carried out on them and vital information which 
would be absolutely essential for the formulation of a 
programme of action for preserving the species would 
never be forthcoming. We may even be destroying some 
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vital resource of the species in our ignorance while it 
continues to remain enlisted in the Act. As is well 
known, there are many species which spend different 
parts of their lives in different habitats serving as ‘mobile 
link species’ 7 . A National Park or Sanctuary may only 
be one of these habitats, destruction of one or other 
vital habitat of such species would effectively wipe out 
the very species we intend saving. Scientific institutions 
and individuals should be encouraged to carry out studies 
on species listed in the Schedules. Only on the basis 
of such studies can action plans be drawn up for the 
preservation of each of these species. 

The listing of species in the W(P)A should not only 
focus attention on its precarious status but should also 
engender studies that will detail the precise ecological 
requirements of these species. A plan to preserve or 



a, b. a, The male and b, female of the Andaman mormon, 
Papilio mayo Atkinson which is listed in Schedule II (Part II) 
of the Wildlife (Protection) Act. It is one of the three ‘poorly 
known’ endemic swallowtail butterflies from the Andaman islands 
according to the IUCN/SSC Lepidoptera Specialist Group 13 . 
Recent studies indicate that this butterfly is not facing the threat 
of extinction 14 . Should it continue to be listed in the Wildlife 
(Protection) Act? [Photo: B. Pardhasaradhi]. 


restore the essential links in the species’ requirements 
has then to be formulated if it is to be saved. Premature 
listing of species under stringent legislative controls 
could be as counterproductive as the late listing of 
species could be unproductive. 

While we should definitely correct the errors that 
occur in the Schedules we should also take a second 
look at the species already listed in them to determine 
whether they should continue to remain there? Perhaps 
the lists ought to be revised. 

Finally, serious thought has to be given to the necessity 
for specifying the areas where a species is to be protected 
as is the case in the US Endangered Species Act 8 . The 
current practice of all Scheduled species enjoying Pan- 
Indian protection should be discontinued. Protection for 
each species should be on an area-specific basis. To 
illustrate the necessity for circumscribing the geographic 
limits for the protection of each species consider the 
case of the spotted deer or chital (Axis axis). It is a 
Schedule I species. Native to the Indian mainland they 
were introduced to the Andaman islands by the British 



a, b. a, The larva and b, pupa of P. mayo which were 
discovered only recently 14 [Photo: B. Pardhasaradhi]. 


CURRENT SCIENCE, VOL. 70, NO. 6, 25 MARCH 1996 


431 






GENERAL ARTICLES 


in 1920 (ref. 9). In the total absence of predators they 
proliferated on these islands. They also spread to many 
of the neighbouring islands which were separated by 
relatively narrow stretches of sea. A futile attempt was 
made in 1952 to check the increase in numbers of this 
alien herbivore by introducing two female leopards . 
Though the chital are pests in the farms and forests of 
these islands the W(P)A stipulates that it is against the 
law to kill them. Wouldn’t it be prudent to make the 
law inapplicable to the deer on these islands? To take 
another example Castalius rosimon alarbus is common 
in the Andamans but ‘very rare’ in the Nicobars 11 . 
Should the two populations enjoy the same amount of 
protection? We feel that the Nicobar population could 
be protected if it is declining in numbers while the 
Andaman population need not be afforded any protection. 
The distinction between locally and nationally- 
endangered species has to be made 12 . 

This brings us to another important question, should 
‘rarity’ alone be a criterion to include species in the 
Schedules for protection? It is a well-known ecological 
fact that while some species are abundant, others are 
rare in a community. Only those species which are 
shown to be decreasing in numbers should, we think, 
be included in the Schedules of the Act. In short we 
have to once again take a closer look at the species 
included in the Schedules of the W(P)A to determine 
which species are to be protected where ? This calls for 
the generation of a much greater quantum of information 
on each species before it is included for protection in 
the W(P)A. 
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Can expert system simulation techniques 
support the decision-making tasks of pest 
management in sericulture? 


B. V. VNaidu , K. Chidananda Gowda and P. Nagabhushan 

Many scientific techniques were used in sericulture research and rapid progress in their method¬ 
ologies can aid in solving various complex situations associated with sericulture systems. Man¬ 
agement of pests in sericulture is one such typical situation which requires more advanced 
computer technologies, sucn as expert systems and simulation models. Understanding the concept 
of pest management in sericulture with an appropriate expert system simulation model (ESSM) is 
important because of the fundamental impact of its complexity on production systems . With suit¬ 
able unified ESSM technique, many difficult problems involved in management of pests in sericul¬ 
ture can be solved. In this article we review some suggestions and guidelines for such model 
developers. 


The history of silk began over five thousand years ago 
and has lots of myths associated with it. Silk is consid¬ 
ered to be a luxury item among other fabric commodities 
of textile industry, because of its tensile strength, rich 
colours and sheen. Sericulture, a methodology to pro¬ 
duce silk, has a great affinity to agriculture. 

Sericulture has become more useful and profitable 
ever since man began practising it. In the past decades, 
many Asian farmers have been collectively trying to 
achieve optimum returns from the sericulture industry. 
Mulberry cultivation, silkworm rearing, silk reeling and 
trading are the kernel components of a sericulture sys¬ 
tem. Being an agro-based industry, sericulture has vast 
potential for generating income and employment, pri¬ 
marily to the rural masses in several Third World coun¬ 
tries. Mulberry, the food plant for silkworm, cultivated 
under a wide range of climatic conditions, is usually 
attacked by a large number of pests. Similarly, pests of 
silkworm also cause serious concern to the farmers 
practising sericulture. Identification of various pests 
caused confusion and therefore sericulturists were un¬ 
able to adopt suitable methods for their timely control. 
The real difficulty in managing these pest components is 
a fuzzy concept and requires more advanced technolo¬ 
gies distinguished by modern methods of research. De¬ 
veloping of a suitable expert system simulation model 


B. V. V. Naidu is in the Central Sericultural Research and Training 
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Tropical Sericulture, Srirampura, Manandavadi Road, Mysore 
570 008, India and K. Chidananda Gowda and P. Nagabhushan are 
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(ESSM) for appropriate decision making for pest man¬ 
agement in sericulture is of significance and will benefit 
the silk growers and cultivators. 

Computers in sericulture 

Computerization is a focus with much attention towards 
the achievement ot radical innovations in sericulture 
research. Because of its rapid progress, and many prob¬ 
lems vested in sericulture research, computers emerge to 
solve them quickly and accurately to attain maximum 
suitable solutions. One of the latest methods of using 
computers for solving such practical problem domains is 
through the use of expert systems (ES) and simulation 
models (SM), which are quite different in their context 
and analogy. The two components, ES and SM, need 
some explanation, as they are quite new to the sericul¬ 
ture science. 

Expert systems 

Expert systems, the most elevated part of artificial intel¬ 
ligence (AI), are a set of defensive programming tech¬ 
niques implied through heuristics or rules of thumb. 
They process massive data on a subject, offer solutions 
on par with the human expert thinking faculty. An expert 
system is a program that contains a generalized infer¬ 
ence engine and a rule-base, takes input data and as¬ 
sumptions, explores the inferences derivable from the 
rule base, yields conclusions and advice, and offers to 
explain its results by retracing its reasoning for the 
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Figure 1. Expert system architecture. 


user 1 . Hence, it is evident that the important components 
of an expert system are a knowledge base, a front-end 
user-friendly interface and an inference engine. Some¬ 
times, they may require a relational database too. While 
there are many methods for building an expert system, 
the ‘rule-based’ systems are in common use, because of 
their logical cybernetics. Such rule-based systems are 
also called ‘knowledge based (KB)’ systems. They can 
convert uncertainty factors into estimates of certainty. 
The uncertainty principle says that if certain physical 
variables are prepared or measured precisely, then cer¬ 
tain other variables become multi-valued or fuzzy 2 . The 
knowledge structures in a knowledge base include rules, 
frames, networks, procedures, uncertainty factors and 
even logical representations. The inference engine ex¬ 
amines the facts and rules in the sphere of knowledge 
base through a set of ‘if-then-else’ rules to calibrate re¬ 
sults. A typical representation of an expert system is 
depicted in Figure 1. 

Indeed, the expert system technology is well advanced 
with appropriate tools for uniform data manipulation 
among rule-base, allows designers and users for testing, 
documenting and debugging the rules. The imaginary 


scenario of data representation in a knowledge base can 
be regularized with these tools reducing the complexity 
of neural networks in the vicinity of KB. The most diffi¬ 
cult and crucial part in building expert systems is 
knowledge acquisition and knowledge representation. 
An expert who can explore knowledge with his previous 
experience is essential for framing the rules to incorpo¬ 
rate into the knowledge base. 

Simulation models 

The second component, simulation models has an accu¬ 
mulated power of disseminating the complex conceptual 
constructs of the problem domains. More frequently, 
they induce inherent properties of predictability and 
control over the systems they represent. The approach is 
well defined by the terms: systems, models and simula¬ 
tion. The terminology has been dissected and clarified 3 : 
A system is a limited part of reality that contains interre¬ 
lated elements. A model is a simplified representation of 
a system. Simulation can be defined as the art of build¬ 
ing mathematical models and the study of their proper- 
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ties with reference to those of the systems they repre¬ 
sent. 

But such terminologies, perhaps, do not extensively 
investigate the most intricate parts of complexity, such 
as types of inter-relation, data validation and integration 
of explicit systems. 

The attractive feature of the mathematical equations in 
simulation is its changeability. Of course, most of the 
models are mutable to trim the tasks. By changing a few 
parameters, for example, one can easily simulate a wide 
range of system’s environment. That is the reason the 
entire strategy of system simulation has a robust locus 
on mathematical modelling. A mathematical model is 
neither a hypothesis nor a theory 4 . Unlike the scientific 
hypothesis, a model is not verifiable directly by experi¬ 
ment. For all models are both true or false. Unlike the 
theory, models are restricted by technical considerations 
to a few components at a time, even in systems which 
are complex. 

Hence, models of these complex craft are necessary, 
but not sufficient to understand the systems they define, 
because they have to be systematic or empirical in 
nature. 

Unification of expert systems and simulation 
models 

Many scientists are working hard to delve new method¬ 
ologies in sericulture research enumerating for optimum 
hints. Such scientists prefer to contribute more effort, 
which allows them to be confident to get desired results 
from the problem domains. One such problem domain 
inspired by many scientists in sericulture, is the man¬ 
agement of pests in mulberry cultivation and silkworm 
rearing. 

Unlike in agriculture, the pest population: pathogen, 
parasite, predator, mite, insect, weed, mammal have 
been threatening sericulture production systems since 
long. They are a threat to the farmer practising sericul¬ 
ture. Various biological aspects of pest population can 
be studied vigorously through an expert system simula¬ 
tion model for their eradication. If not total elimination, 
at least they can be treated partially. A ‘silk road’ 5 may 
be the answer. 

Unification of simulation systems and expert systems 
is not quite new. Many agricultural scientists have al¬ 
ready applied the unification technique in their research 


Principles 


Figure 2. Axiomatic principles. 
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to yield axiomatic 6 principles (Figure 2). Some of the 
techniques are: 

a) An expert system, COMAX (cotton management 
expert), was developed and integrated with the com¬ 
puter model GOSSYM to determine the irrigation 
strategies associated with cotton crop management 7 . 

b) An expert analysis system was developed and em¬ 
ployed as a component of FARMSYS (an integrated 
machinery management decision support system for 
multi-crop production systems) for analysing results 
of a field operations simulator 8 . 

c) A prototype expert system, SMARTSOY, was de¬ 
veloped to aid soybean insect pest management 
along with a crop growth simulation model, 
SOYGRO 9,10 . 

d) An expert system was developed to combine a crop 
growth model, SOYGRO and water management 
(DRAINMOD 3.4) effects on crop growth 11 . 

Suggestions and guidelines for expert system 
approach to pest management in sericulture 

Pests causing considerable damage in agriculture are 
more frequent in sericulture also, because both the sys¬ 
tems are rivals in nature. The biological parameters of 
pests such as population size and density, climatic 
conditions for growth, survival rates, damage potential¬ 
ity, availability of host are to be studied carefully with 
experts and can be distilled into a knowledge base to 
explore heuristics. As per the requirement, the typical 
data items can be coded in an advanced relational data¬ 
base with access to a rule-base. The mathematical equa¬ 
tions of simulation are then tuned to refine the rules in 
the knowledge base corresponding to the decisions, 
predictions, incidences and estimates of pests and crop 
damages caused by them. 

This is the first attempt to use an unified technique, 
expert system simulation model (ESSM), in sericulture 
pest management. The entity-relationship diagram (E-R 
diagram) of ESSM system flow is shown in Figure 3. 
More precisely, some of the aids and suggestions are 
given below for such model developers. 

a) System study, highlighting pests in sericulture, ex¬ 
pert systems and simulation. 

b) Knowledge acquisition from sericultural experts in 
relation to pest management. 

c) Preparation of knowledge base and relevant data 
base. 

d) Prediction of key factors for rapid development of 
pests using simulation model. 

e) Refinement of rule-base according to the predicted 
factors. 

f) Knowledge engineering and data validation. 

g) Modification of inference procedures accordingly. 

h) Drawing the solutions to user queries. 
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Figure 3. Entity-relationship diagram of expert system simulation model for pest management in sericulture. 


Except the first two (a and b) constraints stated above, 
all other recommendations deserve one or more subsets 
of sequential processes. A process is an instance of exe¬ 
cution of a command. The concept of parent-child proc¬ 
esses is very common in ESSM and does not require 
explanation in this context. However, a great deal of 
insight into the process of simulation can gain fruitful 
solutions without leaving a number. 

Conclusions 

In this article we presented some useful suggestions and 
guidelines for model developers to build a unified 
ESSM, taking pest management in sericulture as an ex¬ 
ample. In many sericultural situations, the approach de¬ 
scribed in this paper pan have an outstanding impact on 
sericultural components, especially in silkworm rearing 
and seed technology, sericultural engineering, mulberry 
irrigation and water management. Newly available 
commercial expert system shells can allow access to 
these sensitive components in sericulture and such uni¬ 
fied ESSM techniques can solve many more self- 
organized critical situations in systems evolution. 
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Poliomyelitis in Indian children who have 
received oral poliovaccine: Vaccine failure or 
low potency? 


H. V. Wyatt 

Several studies from hospitals have reported that 10-45% of children with polio paralysis had 
received 3 doses of oral poliovaccine (OPV). Field studies have shown higher proportions. Pa¬ 
ralysisfollowing receipt of OPV by a child destroys the confidence of mothers in the vaccine. One 
reason for these failures is that OPV of low potency has been considered ‘satisfactory’. Vaccine 
potency has been improved, but even if the total titre is satisfactory, there may be little of types 2 
and 3. Mass immunization by Sabin Days may fail unless the vaccine provides full protection 
against all the three types. Spot diagrams of vaccine titres of tests on vaccine samples would give 
a clearer answer than the uninformative ‘satisfactory’. 


ALTHOUGH the efficacy of the oral poliovaccine (OPV) 
is estimated to be more than 90% (ref. 1), there is seri¬ 
ous concern at the numbers of cases of paralysis where 
the children had received 3 doses of OPV: in 1988 14% 
of cases at Kalawati Saran Children’s Hospital, New 
Delhi 2 . In the National Review , ‘about 20-30% of chil¬ 
dren suffering from paralytic poliomyelitis were re¬ 
ported to be fully immunized’ 3 . Recent papers have 
highlighted the problem (Table 1). 

Reported cases 

The number of reported cases has fallen dramatically in 
the last few years, but only one in ten cases was re¬ 
ported. We do not know if mothers who have been per¬ 
suaded to have their children immunized, are likely to 
take them to hospital if the child is subsequently para¬ 
lysed. Changes in the proportion and number of children 
who have received OPV but have still been paralysed 
must be treated with caution. 

A household survey of 10,093 children in Pondicherry 
found 24 lame, of whom 60% had received 3 doses of 
OPV and another 20% had been partially immunized 4 . 
This is higher than the proportion reported from hospi¬ 
tals (Table 1) and suggests that hospital figures may not 
be typical. 

Using local records 

Hospitals collect records, yet seldom analyse or use 
them to monitor local conditions. The case histories of 
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children with paralytic polio who attended a large hospi¬ 
tal in Pondicherry (Table 2), show several points: 

1. In the large and medium towns, there were few 
cases, suggesting that immunization rates were high. Of 
the 32 cases, 14 were paralysed in spite of receiving 
three doses of OPV. 

2. There seemed to be poor immunization in two 
smaller towns. 

3. There was little immunization in the villages and 
one town. 

4. Cases who had received OPV might be older than 
those who had not: 

There is no difference in the mean age of c 1.2 yr for 
those with 0, 1 or 2 doses of OPV. However, those who 
had received 3 doses of OPV had a mean age 5 m higher 
than the others. 

It is disturbing that one half of the cases had received 
at least one dose of OPV and that 20% had received 
three doses. 

Immunization failures 

It is probable that most failures represent cold chain 
lapses, in that the vaccine given was of low or nil po¬ 
tency. We cannot judge how many represent real vac¬ 
cine failures. Many causes for low conversion to 
protection have been suggested, but one has not re¬ 
ceived enough attention. It is known that malaria pro¬ 
phylaxis is ineffective when the person has diarrhoea as 
the drugs are not absorbed. Diarrhoea is frequent in 
India. A survey, from December 1987 to March 1988, of 
14,880 children under 1 yr in seven areas, showed that 
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Table 1. The proportion of children with paralytic poliomyelitis who had received doses of OPV 


Year 

Area 

N 

% of children immunized with 

0 12 3 

>3 

Reference 

1986-87 

Delhi 

74 s 

62 


22 

11 

2 

17 

1988-89 

Madras* 

302 

44 


25 

31 


18 


Madras** 

78 

23 

10 

20 

46 


19 


Madras 1 " 

614 

44 


30 

26 


20, 21 

1990 

Marathwada 

355 

39 


30 

24 


22 

1990 

Delhi 

47 



tt 

21 


23 

1991 

Bangalore 

40 

65 


10 

25 


24 # 

1990-91 

Patna 

96 

52 


33 

15 


15 


Notes: § 74 cases of severe acute paralytic poliomyelitis chosen from 1615 cases August 1986-May 
1987. 

* All children clinically diagnosed as APM May 1988-May 1989 
**Cases 6-35 months from Madras city May 1988-May 1989 
f Cases January 1988-September 1989 so include all cases in the other studies. 
ft Only 21% had received 3 doses of OPV 

Recalculated from Table 1 where the number with three doses is 11 not 10 and 5 of the percentages 
are incorrectly given. 


Table 2. Cases of paralytic polio by OPV immunization status, 
1988 and 1989 (author’s analysis of data kindly supplied by S. 
Mahadevan) 

% cases who had received OPV doses 
NO 12 3? 


1 large and 1 medium town 

32 

16 

19 

16 

44 

2 smaller towns 

30 

53 

27 

10 

10 

1 smaller town and villages 

61 

58 

8 

18 

13 

Mean age of paralysis 


1.3 yr 

1.1 yr 1.2 yr 1.7 yr 


in a two-week period, 14% had diarrhoea, defined as 
three or more loose motions a day 5 . The duration of the 
diarrhoea was not recorded but the survey indicates that 
each child may have four episodes of diarrhoea during 
the first year. Allowing for seasonal variation, diarrhoea 
may play a role in the poor response to OPV immuniza¬ 
tion. 

Potency of the vaccines 

The number of samples of OPV taken from centres and 
tested for potency has increased considerably (Table 3). 
The proportion judged satisfactory also appears to have 
risen. However, the titre of OPV considered satisfactory 
was >10 5 ' 8 until 1990 when it was lowered to >10 5 ' 6 \ the 
latter being less than one third the WHO recommended 
dose. 122 samples from 87 OPV distribution centres in 
Madras were taken 6 . All the first samples had titres 
<10 5 ’ 5 . Later about 80% of samples had titres >10 5 ' 84 
and samples collected one year later were all >10 5 ’ 84 . 
The visits to the centres and the results of the tests 
brought about an improvement of the cold chain. It 
seems an expensive way to ensure that instructions for 
using a vaccine carrier, not an ice bucket, etc. are car¬ 
ried out. It is also not clear whether visits were made at 


random times, not on a particular day and that samples 
were selected at random, there are very strict rules for 
the sampling of bottles for sterility in the pharmaceutical 
manufacturing industry. I have found no study where 
partly-used OPV vials were collected from immuniza¬ 
tion sessions. 

It would be helpful if titres of vaccines tested were 
presented as scatter diagrams of log titre plotted against 
date, with points for each titration or dots of increasing 
size for multiple samples when many tests have been 
made. The basis for using a titre of >10 5 * 84 is that 
the titration itself is subject to random error due to 
small differences in sample volumes and difficulty 
in determining the end point. The WHO vaccine po¬ 
tency is 10 6 ' 14 with a titration margin of + or - 10° 3 , i.e. 
j()5.84-6.44. This, however, is valid only if the mean value 
of titrations lies at 10 6 ' 14 with equal numbers of samples 
above and below. 

In the samples tested 6 , only two samples were >10 6 ' 13 
and 92 were io 5 84 " 614 . Although the samples were con¬ 
sidered satisfactory, there had been a loss of potency 
which would have been more evident with a plot of titre 
against time. Nevertheless, the improvement in titre of 
samples from 1988 coincided with a dramatic drop of 
about 75% of cases of polio seen at the Institute of 
Child Health, Madras. This suggests that previous dis¬ 
appointing results with OPV have been due, at least in 
part, to cold chain failures and defective vaccine; fail¬ 
ures which can be rectified. 

In one study, the potency of 2 samples of vaccine was 
found to be log 10 5 ' 4 - log 10 6 ' 2 plaque-forming units and 
it was implied that these titres were acceptable 7 . The 
British Pharmacopoeia gives the minimum titre for tri¬ 
ple vaccine as log 5.85. Although the difference between 
5.4 and 5.85 seems small, it is actually the difference 
between 2.5 and 7 x 10 5 virions, almost a three-fold dif¬ 
ference. WHO potency requirements for Triple OPV are 
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Tabic 3. Potency of samples of oral poliovaccines 

No of % considered Log 10 litre for 

samples satisfactory satisfactory Reference 



1975 

191 


1979 

7 


1984 

13 


1984 

58 


1985 

120 


1986 

53 

Jan 

1987- 


Mar 

1988 

337 


1988 

460 


1989 

433 

May 

1988 

12 

Apr 

1989 

1986 

12 


1990 

6000 


1984 

121 


1985 

139 


1986 

454 


1987 

1297 


1988 

1627 


Note 1: The samples were taken at primary health, 
2: No definition of ‘satisfactory’ given. 


not less than 10 60 , 10 5 ' 0 and 10 5 ' 5 for types 1, 2 and 3 
(ref. 4), a total potency of 10 6 ' 15 . A titre of 5.4 contains 
less than one filth of the WHO recommended dose. 

In India it is even more important than in the temper¬ 
ate countries that the vaccine contains more than the 
minimum titre. Arya has pointed out that although the 
total titre of the vaccine may be within acceptable limits, 
there may be little, if any, of types 2 and 3 (ref. 8). Sok- 
hey et al. 9 actually state that c in no case should vaccine 
with virus titres dog 10 60 for type 1, 5.0 for type 2 and 
5.5 for type 3 be accepted’ 9 . 

Discussion 

Personal experience suggests that immunization cover 
may not be as complete as official statistics imply. One 
reason is ‘many immunization teams are squeezed be¬ 
tween seniors demanding returns and children reluctant 
to bare their bottoms. It is no wonder that the numbers 
of immunizations recorded often bear little relation to 
the numbers actually given’ 10 . 

The authors of one study suggested that ‘there is low 
credibility of OPV immunization in India in view of the 
high mortality in partially immunized children’ 9 . This 
statement was based on a mortality of 11% among 143 
unimmunized children and 30% among 48 ‘partially 
immunized’ (although fully immunized children are 
mentioned, none appear in the text). The authors sug¬ 
gested that ‘one of the explanations could be the adverse 
effects of OPV, which have not been studied so far and 
therefore, needs further investigation.’ Two letters criti¬ 
cal of these remarks followed 11 . 
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>5.84 
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>5.84 

30 
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6 

100 

>5.84 

6 

65 

>5.8 

31 

90 

>5.65 

31 

75 


32 Note 2 

66 


32 Note 2 

61 


32 Note 2 

61 


32 Note 2 

63 


32 Note 2 


district and immunization centres. 


The children studied by Mathur et al} 2 were admitted 
to the paediatric wards and were not typical of polio 
children: only 26% were under 1 year and the gender 
ratio was 2.3 males to 1 female. For children brought to 
hospital, about half are under 1 year and the gender ratio 
is about 1.5:1.0 (ref. 13). 

Injections given for fever affect very markedly the se¬ 
verity of paralysis in polio following 1 or 2 days later 13 
and in that study almost all the deaths followed multiple 
injections. No information about injections was given by 
Mathur et al} 2 . 

One study of paralytic polio compared 52 children 
who had received 3 doses of OPV with 30 children with 
no polio immunization 14 . They found more extensive 
paralysis and greater severity among the fully immu¬ 
nized children. However, 60% of the immunized chil¬ 
dren had received an injection prior to paralysis 
compared to only 10% of the unimmunized. This was 
one of few studies where the polio type was found: for 
type 1, 77% of the unimmunized, but only 25% of the 
fully immunized. This suggests that the vaccine may be 
lacking in types 2 and 3 (see above) as most studies 
have shown that about 70% of cases are caused by type 
1. It is not clear why there should be such a difference in 
the injections given to the children. It is possible that 
mothers who accepted immunizations were more likely 
to take the child to a doctor, who would give an injec¬ 
tion: 37% of the immunized children came from social 
classes I and II compared with only 7% of the unimmu¬ 
nized children. 

The latest study concluded that 14 paralysed children 
who had received 3 doses of OPV had less severe pa¬ 
ralysis than 82 with 0 to 2 doses 15 . The basis for admit- 
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tance was not detailed. One difficulty is that paralysed 
limbs, particularly those which have not been injected, 
sometimes recover some power 13 . 

Conclusions 

As immunization cover in India is increased and the 
number of cases of polio falls, study of polio becomes 
more difficult. Age, gender, vaccine status and injec¬ 
tions may all affect the chance of paralysis and its se¬ 
verity. Unless co-operative studies are made, individual 
hospitals may lack enough cases to make meaningful 
comparisons. 

Children who receive OPV with low virion numbers 
may not develop immunity to types 2 and 3 and, in spite 
of multiple doses, may remain at risk. A vaccine ol low 
potency will remain a problem even with National 
Immunization Days when all the children under 5 years 
are given OPV. Even doubling the dose of vaccine will 
be ineffective if there is too little type 2. Surveillance of 
cases for the virus type is necessary. If the Eradication 
Programme is successful, the problems will disappear, 
but eradication is a hope not a certainty. 

Vaccine failures must seriously undermine the confi¬ 
dence of mothers in immunization. I have found no sur¬ 
vey of mothers’ attitudes to immunization which 
explores the effects of vaccine failure in the village. 
However, at meetings with over 150 primary health 
workers in Madras, all agreed that other mothers refused 
immunizations for many months alter paralysis in a 
child who had received vaccine 16 . 

Words convey hidden meanings and the use of 
‘immunization and vaccine failures’ suggests that the 
vaccine itself is at fault. It might be better if we used 
‘received OPV’ rather than immunized or vaccinated. 

If polio is to be eradicated, we must improve the virus 
titre of the vaccines, make the cold chain more efficient 
and improve the studies of vaccine cover and cases of 
paralysis. 

A few children succumbing to polio after receiving 
OPV may be enough to destroy mothers’ confidence in 
the immunization programme 16 . 
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What makes a cell tick? The A, B and C of the 
matter 
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Nuclear lamina in an eukaryotic cell is primarily 
composed of the lamins A, B and C. The A type 
lamins are found only in differentiated cell types 
while the B type lamins are present both in differen¬ 
tiated and undifferentiated cells. Lamin B interacts 
with the inner nuclear men brane. In recent years 
there have been extensive studies on the relationship 
between the dynamic state of lamin B and the nu¬ 
clear envelope integrity with respect to the fate of a 
particular cell. In this article, we have analysed the 
recent developments and have considered the se¬ 
quence of events that might be contributing to the 
fate of a cell either to undergo normal cell division or 
uncontrolled cellular proliferation or apoptosis. 


A variety of morphological and biochemical studies 
carried out over the years have established that the nu¬ 
clear lamins play an important role in nuclear structure 
and dynamics. The nuclear lamina forms a fibrous 
structure at the periphery of the nucleus and is physi¬ 
cally interposed between the inner surface of the nuclear 
envelope and chromatin. Its critical position in the nu¬ 
cleus attributes various important functions to this 
structure 1 . Lamina is generally believed to provide 
structural support in maintaining and modulating the 
nuclear shape and volume. During interphase, the lamina 
is a plausible site for the attachment of chromatin 
to the nuclear envelope which helps in maintaining 
chromosomes in separate domains within the nucleus. 
The lamins belong to the intermediate family of proteins 
being similar to the latter, both in their primary 
amino acid sequence and secondary structure 2 . They are 
organized into three well-defined domains, namely, 
the central a-helical rod (made up of three a-helical 
coils I A, IB and 2), an amino terminal head and 
a carboxy terminal tail (Figure 1). Mammalian cells 
contain three major proteins, lamins A, B and C 
along with a fourth minor protein B 2 (ref. 3). Lamins A 
and C arise by alternate splicing of the same gene, 
and are classified under A type lamins 4 . Lamin B is 
coded by a separate gene. The A type lamins are found 
only in differentiated cell types, while the B type lamins 
arc found both in differentiated and undifferentiated 
cells*'. 


Differential expression of lamin subtypes 

Cell type expression of different lamins was first noted 
in Xenopus 6 which was subsequently documented in a 
study using mouse embryogenesis 7 . The acquisition of 
nuclear lamin polypeptides A/C varied according to the 
developmental stage and tissue type. Using monoclonal 
antibodies specific to each of the lamins, they were lo¬ 
calized by immunofluorescence technique in different 
tissues. At days 9 to 11, all tissues of the developing 
embryo lacked lamins A/C. Their expression was de¬ 
tected only at the time when tissue differentiation had 
commenced. Moreover, lamins A/C were not simultane¬ 
ously expressed in all organs at the same time. However, 
at days 9 to 11 lamin B was expressed. So clearly, while 
a single lamin was sufficient to form a nuclear lamina in 
some cell types, the acquisition of lamins A/C during 
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development may be actually responsible for significant 
changes in the nuclear architecture and chromatin or¬ 
ganization. Recently, additional B type lamins have 
been discovered which arc germ cell specific. Earlier 
studies by Stick and Schwarz 8 demonstrated that there 
are no remnants of the lamina structure in the meiotic 
prophase pachytene spermatocytes. Nor could they de¬ 
tect any lamina structure in the post-meiotic haploid 
round spermatids. All these studies used antibodies 
raised against somatic lamins. Our laboratory, however, 
had identified a 110 kDa protein specific to nuclear ma¬ 
trix of pachytene spermatocytes of rat 9 . Subsequently, 
this protein was shown to be a dimer of a 60 kDa protein 
which was similar but not identical to lamin B, based on 
peptide finger-printing analysis 10 . Interestingly, this 
protein was absent in the somatic tissues but could be 
detected in female rat germ cells 11 . At about the same 
time Furukawa and Hotta 12 cloned a mouse spermato¬ 
cyte lamin B, which they have termed as lamin B 3 . In¬ 
terestingly, the carboxy terminal domain and coil 2 
subdomain are identical to the corresponding regions of 
lamin Bj and B 2 but the short head domain and coils la 
and lb are completely replaced by an unrelated se¬ 
quence. Ectopic expression of mouse lamin B 3 resulted 
in a hook-shaped nucleus. We showed by using mono¬ 
clonal antibodies to the 60 kDa rat germ cell specific 
lamin, that it was localized to ends of the paired ho¬ 
mologous chromosomes 13 suggesting that it may be 
providing attachment sites for the paired chromosomes. 
The structural aspects of various lamins have been dis¬ 
cussed in detail 14 . In this article we have discussed 
briefly the recent developments on the dynamics of 
lamina structure during ‘ceil cycle’ and ‘apoptosis’. 

Phosphorylation of lamins during cell cycle 

Mitosis in higher eukaryotes is characterized by a dra¬ 
matic reorganization of cellular architecture including 
the formation of a mitotic spindle, chromatin condensa¬ 
tion and nuclear envelope breakdown. At the onset of 
mitosis lamins are phosphorylated. This leads to solubi¬ 
lization of lamins A and C resulting in the breakdown of 
the nuclear envelope. On the other hand lamin B re¬ 
mains bound to the membrane vesicles 13 . Among the 
various kinases identified so far, p34cdc2/cyclin B 
kinase (MPF) is a likely candidate for phosphorylating 
the lamins at a conserved Ser-23 residue in several sys¬ 
tems 16 . However, recent in vitro studies have demon¬ 
strated that direct phosphorylation of human lamin B1 at 
Ser 3 95 and Sei^os by human pllpkc could also cause 
lamin solubilization and subsequent nuclear envelope 
breakdown 17 . Further, these investigations show that 
although both (Jllpkc as well as p34cdc2 kinase could 
phosphorylatc soluble lamin B at similar rates in vitro , 
fSIIpkc phosphorylated interphase nuclear envelope 
lamin B at a rate 200 times greater than p34cdc2/cyclin 


B kinase. The possible involvement of |3llpkc in the 
phosphorylation of lamin B is also supported by the ob¬ 
servation that this kinase translocates into the nucleus 
during G2/M phase transition 18 . 

While the role of lamin phosphorylation during mito¬ 
sis is reasonably well understood, the functional signifi¬ 
cance of lamin phosphorylation in interphase is not 
clear. In vitro studies indicate that several protein 
kinases are capable of phosphorylating lamins like pro¬ 
tein kinase C, protein kinase A and MAP kinase 19 . In 
vivo picture of phosphorylation of lamins became clear 
in 1993 when it was found that the major phosphoryla¬ 
tion site was located in the C-terminus of chicken lamin 
B 2 (ref. 20). These sites are phosphorylated both in vitro 
and in vivo by protein kinase C. The phosphorylation of 
PKC itself (subject to hormonal regulation) caused the 
inhibition of nuclear transport rate of lamin B 2 . 

Isoprenylation of lamins 

Lamins also undergo another important post- 
translational modification at the C-terminus. Mature 
lamins A and B differ in the extent to which they inter¬ 
act with the inner nuclear membrane. Lamins A and B 
have a conserved C-terminus sequence CAAX (A, ali¬ 
phatic and X, any amino acid). This sequence is the 
major determinant site for isoprenylation and carboxy- 
methylation 21 . Attachment of an isoprenyl group occurs 
at cysteine by a thiocster bond. Subsequently, AAX is 
removed by proteolytic cleavage. Finally, the isopreny- 
lated C-tcrminal cysteine is carboxymethylated. The A 
type lamins undergo a further proteolytic cleavage that 
results in the loss of this hydrophobically modified C- 
terminus. Thus, the A type lamins are easily solubilized 
during nuclear envelope breakdown while the B type 
lamins remain attached to the membrane vesicles. 

Interaction of lamin B with the inner nuclear 
membrane 

Recent studies have shown that the interaction of lamins 
to other nuclear proteins may have a crucial role in their 
function. Using a solution binding assay, l23 I-lamin B 
was shown to bind lamin depleted avian erythrocyte nu¬ 
clear membrane in a saturable and specific manner. One 
of the proteins with which lamin B interacted was iden¬ 
tified as p58, a major integral membrane protein of the 
nuclear envelope 22 . It has been speculated that the p58 
might serve as a receptor for lamin B. The observation 
that lamins A and C did not bind to p58 as efficiently as 
lamin B probably explains why lamin B is found at¬ 
tached to the nuclear membrane in all cell types. The 
lamin B receptor, p58, of turkey erythrocytes possesses 
a long and highly charged amino terminal domain pro¬ 
truding into the nucleus. It has 8 membrane spanning 
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segments and a hydrophilic carboxy-terminal region. In 
addition, its amino-terminal domain (205 a.a residues) 
contains several potential phosphorylation sites and 
DNA binding sequences 23 . During interphase, p58 is 
continuously phosphorylated while during mitosis, it is 
hyper-phosphorylated 24 . The p58 complex also contains 
a p58 kinase and 3 other polypeptides p34, p32 and pi 8. 
p34 is a homologue of human nuclear protein p32 which 
has been characterized as a partner of splicing factor 
SF2 in HeLa cellsA A recent report on the gene struc¬ 
ture of p58 (ref. 26) shows that an intron separates two 
domains, one encoding a highly charged amino terminal 
domain and the other encoding the hydrophobic trans¬ 
membrane domain. In addition to the p58 receptor being 
the target of lamin B interaction (in the inner nuclear 
membrane), a class of lamin binding proteins have been 
recently identified called as ‘LAPS’ (Lamin associated 
polypeptides). They comprise chiefly of LAP 1A (75 
kDa), IB (68 kDa), 1C (55 kDa) and LAP 2 (53 kDa) 
(ref. 27). LAPs 1A and IB were shown to bind to the 
paracrystals of lamins A, B and C, in vitro . LAP2, on 
the other hand, interacted solely with lamin B polymers 
as well as with the metaphase chromosomes. LAP1 C 
binds to both lamins A and C. The functions of these 
polypeptides, however, are not clear at present. 

Lamina structure and apoptosis 

An important question that is gaining importance over 
the last few years is as to what determines the fate of a 
cell? For instance, a normal cell goes through the cell 
cycle comprising of Gl, G2, S and M phase. A somatic 
cell of higher eukaryotes has to pass through a 
‘restriction point’ before it is ready to divide at the 
G2/M transition. Several feedback control mechanisms 
enable a cell to complete various processes preceding 
cell division 28 . Embryonic cells on the other hand, go 
through the cell cycle without passing through the re¬ 
striction point as cell division at this stage is rapid and 
unrestricted (programmed cell proliferation). During 
development, in many species, it is crucial for cells to 
divide and ultimately die to enable retention of only a 
certain type of cells to continue for later development. 
Cell death here is predetermined, or programmed 
(apoptosis), enabling appropriate tissue differentiation 29 , 
in contrast to unprogrammed or pathological cell death, 
which is different in cell morphology to the former. 

A classical case of the suicide programme has been 
demonstrated in C. elegans. Of the one thousand ninety 
somatic cells formed during development of an adult 
hermaphrodite, one hundred and thirty one die, each 
with morphological features resembling apoptosis. Ge¬ 
netic analyses have identified two genes ( cecl3 and cecl4 ) 
that must function in dying cells. Mutations in these 
genes lead to survival of the worms and they develop 
into superficially normal worms 30 . Ced3 codes for a 


protein with many phosphorylation sites. Ced9 is an¬ 
other gene identified in this organism that is responsible 
for preventing cell suicide. Interestingly, this nematode 
possesses a single lamin (C lam) belonging to the B type 
lamins 31 . However, it lacks the SPTR sequence in front 
of the coil 1A domain which constitutes the major phos¬ 
phorylation site by cdc2 kinase. It remains to be seen 
whether the lack of this phosphorylation site in C lam is 
in anyway related to the suicide program prevalent in 
this organism. 

Many hormone-dependent tissues are also shown to 
undergo programmed cell death upon hormone with¬ 
drawal 32 . In an interesting study, when MDA-MB 468 
human breast cancer cells were made to overexpress the 
EGF receptors, their growth was inhibited by EGF 33 . It 
also resulted in fragmentation of DNA and an appear¬ 
ance of apoptotic nuclear morphology. An increased 
expression of C-myc , C-fos and C-Jun was also noticed. 
In addition, there was a noticeable proteolytic cleavage 
of poly(ADP ribose) polymerase and lamins. 

As mentioned earlier, lamins are modified through 
post-lranslational modifications like phosphorylation 
and isoprenylation. Therefore, what is the nature of 
these modifications of lamins in cells undergoing apop¬ 
tosis? This question was addressed in a recent article 
wherein confluent cultures of embryonic fibroblast cell 
line were made to undergo either mitosis or apoptosis 
depending on the serum concentration 34 . In mitotic cells, 
lamina breakdown is accompanied by lamina solubiliza¬ 
tion while in apoptotic cells, only a small percentage of 
lamins were solubilized at the initial stages. Subse¬ 
quently, chromatin condensation was shown to be 
accompanied by degradation of lamins A and B to a 
46 kDa fragment. However, there was no significant 
increase in the activation of p34cdc2 kinase at any time 
after the onset of apoptosis. Therefore, it appears that 
chromatin condensation during apoptosis is due to the 
rapid proteolysis of lamins and clearly did not involve 
p34cdc2 kinase. It remains to be seen whether (311 pro¬ 
tein kinase C has any function in this disassembly or 
not. Degradation of nuclear lamins has also been ob¬ 
served in physiological cell death mediated by cytotoxic 
T lymphocytes 35 . Isoprenylation of lamins also seems to 
play an important role in apoptosis. For example, it was 
recently shown that inhibition of mevalonate biosynthe¬ 
sis in HL-60 cells by lovastatin resulted in changes in 
nuclear morphology characteristic of apoptotic cells, 
including the DNA fragmentation pattern 36 . 

Lamins and uncontrolled cell proliferation 

The expression of lamins in unprogrammed cell prolif¬ 
eration has been reported in small lung carcinomas 37 . 
There was a high expression of (3-tubulin, heat shock 
proteins and lamin B. The study indicated that B type 
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lamin could be an early marker for commitment to cell 
proliferation. The status of lamins under these condi¬ 
tions indicated that phosphorylation of these proteins 
could ultimately result from cell proliferation signals. 
Protein kinase C, with its numerous isotypes are in¬ 
volved in cell proliferation and differentiation in human 
leukemic cells 38 . For example, in human promyelocytic 
HL-60 leukemic cells, J3II protein kinase C is selectively 
translocated to the nucleus in response to proliferation 
stimuli. As discussed earlier it has been shown that pH 
protein kinase C phosphorylates nuclear envelope bound 
lamin B. 10-20 times faster than a protein kinase C and 


200 times faster than p34 cdc kinase. Therefore, phos¬ 
phorylation of lamin B may be a crucial event to 
transmit the proliferation signal. 

A lot of evidence has accumulated indicating that de 
novo cholesterogcnesis plays an important role in ceil 
growth and proliferation 39 . A clear correlation exists 
between HMG CoA reductase activity and cell prolif¬ 
eration. Adult tissues that were stimulated to divide had 
increased levels of HMG CoA reductase activity and an 
accelerated cholesterol biosynthesis. This marked in¬ 
crease in the HMG CoA reductase activity was consis¬ 
tently observed at or just before peaks of DNA synthesis 
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in BHK-21 cell cultures. When HMG CoA reductase 
activity was suppressed by a competitive inhibitor, com- 
pactin, the normal S-phase burst of DNA synthesis was 
specifically and totally prevented. Addition of me- 
valonate resulted in reversal of this inhibition. However, 
addition of cholesterol-rich lipoproteins could not re¬ 
verse this inhibition. Therefore, mevalonatc or a product 
of mevalonate seems to be essential for the initiation of 
DNA synthesis and progression of the cell cycle. Thus, 
mevalonate after conversion into isoprenc units, is in¬ 
corporated into a number of cellular polypeptides in¬ 
cluding p21 ras and lamins. In recent years several 
reports have appeared on the anticarcinogenic effects of 
isoprenoid constituents present in food like fruits 
and vegetables 40 . One of the explanations for such 
an anticarcinogenic activity has been that these iso- 
prenoids could induce hepatic phase II detoxifying 
processes, leading to the regression of tumours. Another 
possibility is that an inhibitor ‘mevinolin’ present in 
these food sources depletes the cells of products of the 
mevalonate pathway. Consequently, proteins like lamins 
and p2 1 ras remain unmodified preventing cell prolifera¬ 
tion. 

The above discussion suggests that the lamins may act 
as ‘conductors’ of a master signal involved in the con¬ 
trol circuitry of cellular fate. The entire lamina network 
in association with the nuclear envelope components, 
may act as a receiver of major signals which govern 
whether the cell should divide normally passing through 
all stages of the cell cycle or lose its control over the 
restriction point and divide rapidly, or die ultimately. 
We would like to consider the following events occur¬ 
ring at the nuclear lamina during different physiological 
states of the cell. It is highly likely that the lamina-p58 
complex comprises of at least 3 other polypeptides 
which may include a p58 kinase, a p58 phosphatase and 
a protease. Under normal conditions in mitotically divid¬ 
ing cells, towards the end of G2-phase, p58 kinase 
phosphorylates the p58 receptor, which now becomes 
hyperphosphorylated. Upon activation of the MPF, the 
lamin B (which is bound to the hyperphosphorylated 
p58 receptor) gets phosphorylated at a critical state. 
This could lead to an altered conformation in lamin B 
resulting in the solubilization of the complex and ulti¬ 
mately leading to nuclear envelope breakdown. This 
process leads to open mitosis. At the end of telophase, 
MPF gets inactivated by the activation of a cyclin B 
protease. Lamin B gets dephosphorylated, leading to 
relaxation of the altered lamin B conformation. Ulti¬ 
mately, p58 phosphatase dcphosphorylates p58 and the 
cells resume interphase (Figure 2, Case I). 

A signal for the cell to proliferate may cause the inac¬ 
tivation ol a member of this p58 complex, probably the 
p58 phosphatase. This results in p58 remaining in a hy¬ 
perphosphorylated form (necessary for mitosis). The cell 
then enters a closed cycle of numerous mitotic phases, 
possibly due to loss of restriction point (triggered by 


p58 deph« . nhorylation) thus resulting in uncontrolled 
cell proli feral ion (Figure 2, Case II). 

An apoptotic signal, on the other hand, may trigger 
the following sequence of events. The signal may trigger 
the protease component in the p58 complex, leading^to 
the inactivation of cdc25 phosphatase. As a conse¬ 
quence, cdc-25 fails to dephosphorylate Tyrosine 15 of 
MPF, leaving it in an inactivated state. This leads to 
lamin B remaining in a dephosphorylated state. In these 
circumstances, lamin B may become susceptible to a 
specific protease, resulting in the degradation of lamin B 
to the 46 kDa fragment. Such a cascade of events may 
set off the process of apoptosis (Figure 2, Case III). A 
chromatin-binding domain has been identified in lamin 
B recently 41 and the degradation of lamin B to its 
46 kDa fragment may facilitate the condensation of 
chromatin normally observed during apoptosis. 

Concluding remarks 

Thus, it appears that the lamina structure and, in particu¬ 
lar, the interaction of lamin B with the nuclear envelope 
associated polypeptides plays a key role in directing the 
cells to undergo either uncontrolled cellular prolifera¬ 
tion like in a cancer cell or apoptosis. 
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The importance of long-range prediction of rainfall 
pattern for devising and planning agricultural 
strategies cannot be overemphasized. However, the 
prediction of rainfall pattern remains a difficult prob¬ 
lem and the desired level of accuracy has not been 
reached. The conventional methods for prediction of 
rainfall use either dynamical or statistical modelling. 
In this article we report the results of a new modelling 
technique using artificial neural networks. Artificial 
neural networks are especially useful where the 
dynamical processes and their interrelations for a given 
phenomenon are not known with sufficient accuracy. 
Since conventional neural networks were found to be 
unsuitable for simulating and predicting rainfall pat¬ 
terns, a generalized structure of a neural network was 
then explored and found to provide consistent predic¬ 
tion (hindcast) of all-India annual mean rainfall with 
good accuracy. Performance and consistency of this 
network are evaluated and compared with those of other 
(conventional) neural networks. It is shown that the 
generalized network can make consistently good predic¬ 
tion of annual mean rainfall. Immediate application and 
potential of such a prediction system are discussed. 


The agricultural prospects of India depend crucially on 
the monsoon rainfall. Thus, the prediction of monsoon 
rainfall has been one of the major preoccupations of 
the Indian meteorologists in particular and the world 
scientific community in general 1 " 7 . Even moderate 
improvement in the predictive skill in long-range predic¬ 
tion of rainfall pattern can lead to improved planning 
of agricultural strategy and crisis management. However, 
successful long-range prediction of monsoon rainfall still 
remains elusive. Most of these approaches use either a 
dynamical prediction model or statistical methods. In 
the former, one uses a set of coupled equations derived 
from the basic principles, whose solution (generally 
obtained through numerical integration) provides evolu¬ 
tion and spatial distribution of a dynamical parameter 
(such as rainfall) at any desirable spatial and temporal 
scale (allowed by the model). The appeal of the dynami¬ 
cal model lies in the fact that the causal relationships 
among various processes represented in the model can 
be easily analysed. In addition, a dynamical model, 
being deterministic, does not require information about 
a particular situation beyond initial and boundary con¬ 
ditions. However, in spite of considerable progress made 


in dynamical modelling and numerical weather prediction 
in the recent past, long-range prediction of precipitational 
patterns by dynamical method is still much below its 
desired level of accuracy. 

In statistical method, one does not have a dynamical 
relation between the cause and effects of the system, 
nor does one possess a definite notion about the relative 
roles of various processes that govern a phenomenon. 
Instead, one has a sufficient volume of observed data, 
perhaps on a number of variables that one suspects to 
be causally related. These sets of data are then subjected 
to various known methods of statistical analysis to make 
a statistical prediction. This method, in particular linear 
statistical analysis, has been extensively applied to the 
time series of weather and climate variables. However, 
performance of statistical prediction is often poor, espe¬ 
cially when the irregular behaviour of the observed data 
is a result of low dimensional chaos 8 . The topic of 
statistical prediction, however, is an active area of 
research, and advent of nonlinear techniques promises 
new developments 9,m . Most of the studies 1 " -7 on long-range 
prediction of monsoon are aimed at finding suitable 
predictor parameters. Thus, these use limited data sets 
and treat monsoonal rainfall time series essentially as 
a stochastic process 11 ; the resulting forecast equations 
are regression relations with one or more predictor. 
However, apart from inadequate accuracy for long-range 
prediction, this method suffers from the drawback that 
many of the required predictors are not available well 
in advance as in Indian summer monsoon rainfall. 

In recent years, another modelling technique, known 
as artificial neural networks (NN), has become popular 
as an alternative for modelling and prediction of complex 
time series of weather and climate variables 10,12 " 15 . How¬ 
ever, conventional NN suffer from a number of draw¬ 
backs which make them rather unsuitable as prediction 
tool for operational forecasting. The purpose of this 
work is to describe the construction of and performance 
of a novel generalized NN which holds promise for 
long-range (> 2 years) prediction of annual rainfall. 

Composite-neuron network (CN): Principle 
and design 

Point neuron vs structured neuron 

An artificial neural network is a mathematical repre- 
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sentation of a biological neural network. In terms ot 
implementation, it is basically a coupled input-output 
map constructed through an iterative procedure. As a 
segment of the input (observed) data is presented to 
the network, the weights of the neurons in the network 
are adjusted so as to achieve a prediction of the next 
point in the observed data with desired accuracy. When 
this procedure is carried out with a large sample of the 
observed data (comprising the training set), the NN 
‘learns’ the inherent variabilities of the observed process. 
This trained NN then can be used to make a prediction 
for a point immediately outside the training set (one-point 
prediction). 

The basic structural element of an NN is a neuron. 
Mathematically, a neuron of conventional NN is a simple 
summation unit of events. In a CN, this simple struc¬ 
tureless unit is generalized to an entity with form and 
structure. While the form of a composite neuron is 
determined by nonlinear structure functions, its structure 
is determined by structural weights assigned to these 
structure functions. Thus while a point neuron sums 
neuronal events (firings), a composite neuron, through 
its nonlinear structure functions arrives at a composite 
of multiple mappings of the neuronal output. Schematic 
representations of a simple neuron and a composite 
neuron are presented and contrasted in Figure 1. Here 
the composite neuron (Figure 1 b) is characterized by two 


nonlinear structure functions / and g. Needless to say, 
the structure of a composite neuron can be much richer. 

Neural networks vs composite neuron networks 

The neural networks have found applications in fields 
as diverse as pattern recognition, load forecasting and 
control systems. However, these studies have also 
revealed a number of weaknesses of the conventional 
NN. Chief among these are the extreme sensitivity of 
the NN simulation to the network parameters and the 
failure of the trained NN to make prediction with 
reasonable accuracy much outside the training set. Here 
we evaluate an extension of the construction of con¬ 
ventional NN. As we show here, this extension of NN, 
which we call NN with composite neuron or simply 
composite network (CN) is much more powerful than 
an ordinary NN. 

In an ordinary NN, each neuron is structureless and 
is controlled by the connecting weights above. As men¬ 
tioned earlier, a CN is characterized by structured neurons 
with structure, and its output is determined by this 
structure. This structure in the present case is determined 
by nonlinear functions whose weighted mappings deter¬ 
mine the output. Thus, in addition to adjusting the 
connecting weights as in ordinary NN to train the 
network, in a CN we can also adjust the form (determined 



[ inputs | ^weights [ 


[transferfun | [output! 



input weights 


structure n composrte wts 


transfer^ output 


Figure 1 a,b. Schematic representation of structure and connections of a, a simple neuron, and b , a composite 
neuron with composite transfer functions / and g. 
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by the type of structure functions) and structure (deter¬ 
mined by the weights of the structure functions). 

The CN configuration adopted in the present study 
is schematically represented in Figure 2. The NN part 
of the configuration is a three-layer network consisting 
of a hidden layer along with an input layer and an 
output layer. We consider a configuration consisting of 
five input nodes and five neurons in the hidden layer. 
The output layer obviously has a single neuron in it. 

The training of an NN is one of the most crucial 
components of the development of the NN and a variety 
of training algorithms have been developed and tried. 
One of the most popular training algorithms is error 
back propagation (BP) algorithm 16 . A large number of 
studies have focused on application of NN with BP 
training to simulate complex processes. In the present 
study also we use BP algorithm to train both the neural 
and the structural weights. 

Design of the experiments 

The two main objectives of the present study are: (i) 
To compare the performance of a CN with that of a 
conventional NN in terms of training and prediction 
and thus to establish the superiority of a CN over a 
conventional NN, and (ii) To evaluate the potential of 
a CN as an operational tool for long-range forecasting 
of monsoon rainfall. 


The network configurations 

Accordingly, we consider four network configurations, 
designated as Cl, C2, C3 and C4 (Table 1). Here Cl 
and C2 are two conventional NN with transfer functions 
given by sigmoidal and tanh respectively. C3 is a CN 
with prescribed weights for the transfer functions, while 
C4 is a CN whose weights for the transfer functions 
are obtained through training for optimum performance. 
Other parameters like number of layers and number of 
neurons in each layer ar€ kept identical for all the four 
configurations for ease of comparison. 

It could be argued that C3 and C4 have intrinsic 
advantages over Cl and C2 as the former configurations 
have more degrees of freedom (neuronal and cognitive 
weights). We have therefore considered four auxiliary 
configurations (C5 to C8). C5 and C6 are similar to 
Cl while C7 and C8 are similar to C2. However, each 
of the configurations (C5 to C8) has ten neurons in the 
hidden layer, thus making them comparable to C4 in 
terms of degrees of freedom (adjustable weights). 

Data set 

Each of the networks is then trained using two data 
sets constructed out of a 120-year (1870-1990) data of 
all-India annual mean rainfall. The first data set (set 
A) contains 50 points, representing all-India annual mean 



Figure 2. Schematic representation of a composite network, with a three-layer neural network and two composite 
transfer functions / and g. 
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Table 1. Description of the eight network configurations 


Configura¬ 

tion 

Inter layer 
transfer 
function 
h(x) 

Structure 

function 

Structure 

weights 


NN architecture 


Number of 
layers 

Number of 
input 

Number of 
hidden units 

Cl 

sig(— ax + b) 



3 

5 

5 

C2 

tanh(ojc + b ) 



3 

5 

5 

C3 

x/(n\ + /z2) 

tanh(fl.v+ b) 

Prescribed 

3 

5 

5 



sig(- ax + b) 





C4 

x/(n I + nl) 

tanh (ax+b) 

Trained 

3 

5 

5 



sig(- ax + b) 





C5 

sig(- (ax + b )) 



3 

5 

10 

C6 

tanh(ca + b) 



3 

5 

10 

C7 

sig(~ (ax + /;)) 



3 

10 

5 

C8 

tanh(^u: + b ) 



3 

10 

5 


Cl 


C2 




-500 1 ... . 
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time(year) 
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'V896" 1 '79 06 
time(year) 


i r ' fTTT T 

1916 


Figure 3. Performance in learning by four configurations (CI-C4), for a 50-year (1876-1925) data of all-India 
annual mean rainfall anomaly. The solid line represents observed data while the dashed line represents predicted 
data. The network configuration as well as the average and the maximum errors in learning are indicated in each 
panel. 
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rainfall for the period 1870-1920. The second data set 
(set B) contains 100 points, representing all-India annual 
mean rainfall data for the period 1870-1970. The net¬ 
works are then trained on these two data sets, and the 
trained networks are used to predict annual mean rainfall 
for a period of 15 years (outside the training data set) 
or less. Since these predictions are essentially hindcasts, 
it is possible to evaluate the prediction skill of the 
networks by comparing with the observed values. 


Evaluation parameters 

We shall evaluate the prediction skill in terms of relative 
percentage error E r in prediction and prediction of phase, 
P, defined below: 

Cl 

1.5 -j 


IA o~V 

E, =--- x 100. 

4 

In addition, we define an evaluation parameter by 


I A - A n I 

o p 



where A and A o are respectively predicted and observed 
values. Here o t> is the standard deviation of the training 
data set. For good prediction a r should be < 1, i.e. the 
error in prediction should be less than the standard 
deviation in the observed data. 

Phase : The relative (or absolute) error does not provide 
information about the accuracy of the prediction in 
phase, i.e. the direction of departure of the anomaly 
from the mean. The phase is an important parameter, 

C2 
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since it contains information about the general behaviour 
of the anomaly (e.g. draught or flood); we define phase 
as follows: 

-1 if sgn(A o ) * sgn(A p ) 

1 if sgn(A o ) = sgn(A p ) 


where n is the total number of predictions and n' is 
the number of predictions out of phase. Thus for 
n = 0, the success rate is 100% while for n = n the 
success rate is zero. 

Results: Performance and potential 



The phase can also become undefined if either A o or 
A p is zero; however, such points are of little interest 
for our study. A value of P = 1 implies that both the 
predicted and the observed anomalies are in phase, while 
a value of P = -\ implies that the predicted and the 
observed departures are in opposite directions. Since we 
want the departures to be in phase, we define a success 
rate jll as follows: 

p = " x100, 

n 




Training 

Figures 3-5 summarize comparison of performance in 
learning by the four configurations (C1-C4) for a 50- 
point data set containing annual mean rainfall for all 
India for 50 years (1876-1925, Set A). Thus the four 
panels in Figure 3 represent the performance in learning 
by the four basic configurations. It is clear from this 
figure that the CN performs much better in terms of 
learning the variabilities in the data. The network Cl, 




Figure 5. Comparison ol perlormance in learning of the four configurations CI-C4, for a 50-point data set 
consisting of all-India annual mean rainfall for the period 1876—1925. The ACaxis shows time in years while the 
T-axis shows percentage error during learning. The average and maximum errors during learning for each configuration 
are indicated in respective panels. 
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with the sigmoidal transfer function (top left panel), 
tends to learn predominantly the mean of the data, while 
the network C2 with only tanh transfer function shows 
a tendency to remain on the positive side of the 
anomalies. The networks with composite transfer func¬ 
tions (bottom panels) and especially the one with trained 
composition of transfer functions (C4, bottom right 
panel), on the other hand, performs much better in 
learning the variabilities of the data. The average and 
the maximum errors in the training for each configuration 
are shown in each panel. It can be seen that the 
maximum error in case of C4 (the network with trained 
composite transfer functions) is much less (~ 1/3) than 
that for the other three configurations. Similarly, the 
average error for C4 is about half of that for Cl and 
C2. 

The greater learning capability of a CN can be better 
appreciated when we look at the performance of the 
four configurations in predicting the phase of the ano¬ 
maly, defined as above. These results are presented in 
Figure 4, where the x symbol represents phase of the 


predicted anomaly, while the solid line represents the 
observed phase. Once again, the number of predictions 
out- of phase of the composite configuration is 7 out 
of 50, with a success rate of ~ 0.86%, while the success 
rates for the single transfer function networks (top 
panels) are of the order of ~ 0.6%. Thus the CN learns 
the variability in the data much better. The percentage 
errors as a function of learning period for the four 
configurations are shown in Figure 5. 

Prediction skill 

After training the four configurations for optimum per¬ 
formance, they were used for prediction of all-India 
annual mean rainfall for a number of prediction ranges 
using the two training sets A and B. Table 2 summarizes 
the results for all the eight network configurations, 
which shows prediction skill of the four configurations 
for the two training sets A and B for four prediction 
ranges: two years, five years, ten years and fifteen 
years. Three parameters are used to compare the per- 


Table 2 a. Summary and comparison of prediction skill for a number of NN and CN configurations (using the training set consisting of 

50 years (1871-1920) data) 


Performance statistics in prediction for 


Configu¬ 

ration 


2 years 



5 years 



10 years 



15 years 


Average 

error 

(%) 

No. of 

cases 

with 

error > 10 

No. of 

cases 

out of 
phase 

Average 

error 

(%) 

No. of 

cases 

with 

error > 10 

No. of 

cases out 
of 

phase 

Average 

error 

m 

No. of 

cases 

with 

error > 10 

No. of 
cases out 
of 

phase 

Average 

error 

(%) 

No. of 

cases 

with 

error > 10 

No. of 
cases out 
of 

phase 

Cl 

to 

1 

1 

10.3 

2 

2 

12.9 

6 

5 

15 

10 

6 

C2 

1.2 

0 

l 

5.9 > 

1 

3 

7.4 

3 

5 

9.1 

6 

7 

C3 

3.9 

0 

2 

6.8 

1 

4 

7.8 

3 

6 

8.9 

6 

8 

C4 

3.5 

0 

0 

5.8 

1 

1 

8.4 

5 

3 

8.4 

5 

3 

C5 

5.3 

0 

0 

7.7 

2 

2 

8.4 

4 

5 

7.6 

5 

7 

C6 

1.2 

0 

0 

2.9 

0 

1 

4.0 

1 

3 

4.6 

2 

4 

Cl 

4.2 

0 

0 

7.7 

2 

2 

8.9 

5 

5 

8.1 

6 

7 

C8 

2.4 

0 

0 

2.9 

0 

3 

8.6 

5 

5 

7.7 

6 

7 


Table 2 b. Summary and comparison of prediction skill for a number of NN and CN configurations (using the training set consisting of 

100 years (1871-1970) data) 


Performance statistics in prediction for 


Configu¬ 

ration 


2 years 



5 years 

/ 


10 years 



15 years 


Average 

eiTor 

(%) 

No. of 

cases 

with 

error > 10 

No. of 

cases out 
of 

phase 

Average 

error 

(%) 

No. of 

cases 

with 

error > 10 

No. of 
cases out 
of 

phase 

Average 

error 

(%) 

No. of 

cases 

with 

error > 10 

No. of 
cases out 
of 

phase 

Average 

error 

(%) 

No. of 

cases 

with 

error > 10 

No. of 
cases out 
of 

phase 

Cl 

4.8 

0 

1 

10.8 

3 

4 

7.8 

4 

5 

7.8 

5 

8 

C2 

3.5 

0 

2 

4.9 

0 

3 

5.4 

1 

5 

5.4 

1 

9 

C3 

4.3 

0 

1 

7.1 

1 

3 

6.0 

1 

6 

6.4 

2 

9 

C4 

2.5 

0 

0 

3.8 

0 

0 

4.2 

1 

1 

4.6 

1 

3 

C5 

24.1 

1 

1 

15.7 

2 

2 

12.0 

3 

3 

12.1 

5 

7 

C6 

24.6 

1 

1 

16.3 

2 

2 

12.1 

3 

3 

12.3 

5 

7 

Cl 

24.6 

1 

1 

16.0 

2 

2 

13.8 

3 

3 

13.9 

7 

7 

C8 

25.9 

1 

1 

16.9 

2 

2 

14.6 

5 

4 

13.7 

6 

7 
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formance statistics: average relative error within the 
prediction period, number of cases with error above 
10% within the prediction periods and number of cases 
out of phase within the prediction period. The superior 
performance of C4, especially with training set A, is 
evident from the statistics presented in Table 2 a. The 
average error for C4 is generally the lowest for all the 
four prediction periods and for both the training sets. 
Even in those cases where C4 does not seem to have 
the lowest average error, its superior performance can 
be appreciated from the fact that the number of cases 
out of phase is always the lowest for all the cases. For 
the training set B, C6 appears to outperform the CN 
configuration C4. However, as can be seen from Table 
2 a , this performance is highly sensitive to the training 


Cl 



time(year) 

C3 



data set. For C4, on the other hand, performance with 
the two training sets is comparable. 

Figure 6 shows graphical comparison of prediction of 
all-India annual mean rainfall for four configurations 
C1-C4 using a 15-year (1926-41) data set. The networks 
have been trained on data set A. The average and 
maximum errors corresponding to each configuration are 
indicated on the respective panel. Figure 7 shows a 
comparison of performance in prediction of phase for 
the same data set. The number of cases out of phase 
for each configuration is indicated in the respective 
panel. Similarly, the percentage errors in the four con¬ 
figurations (C1-C4) are presented in Figure 8. All these 
results consistently indicate the ability of a CN to predict 
annual rainfall pattern with sufficient accuracy. 


C2 




Hgure 6. Comparison ol pcrionnance in 15 years (1926-41) prediction of all-India annual mean rainfall data by 
the four configurations C1-C4. The networks have been trained on a 50-point data set (all-India annual mean 
rainfall for the period 1876-1925). The average and maximum errors corresponding to each configuration are 
indicated on the respective panel. 
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Consistency of performance 

Because an ordinary NN cannot capture the variability 
of the data properly, it cannot predict with any adequate 
skill for periods other than in the immediate vicinity 
of the training set. In contrast, a CN was found to be 
much more robust; once trained even on a data set as 
short as fifty points, it retains its predictive power well 
outside the training set. Tables 3 and 4 summarize 
results for two slightly different CN configurations. 
Table 3 summarizes the results for a CN, which showed 
skill for prediction for 15 years (with average error less 
than 10%);' however, the average error for two-year 
prediction was somewhat high (~ 6%). In all these 
predictions the network was trained for the same number 
of iterations. However, further experiments revealed that 


the optimum number of iterations for training for short 
range (~2 years) predictions is different from that for 
longer range prediction. With this alteration, the same 
network configuration allowed a short-term (two-year) 
prediction with much higher accuracy (with average 
error ~ 3%). Further, its performance remained constant 
for 30 years beyond the training period. These results 
are summarized in Table 4. The last two columns in 
Table 4 show the ratio (a.) of the difference between 
the observed and the predicted rainfall to the standard 
deviation of the observed data for the training period. 
It can be seen that out of six predictions (for six 
prediction periods) for the first year this ratio is quite 
small. For the six predictions for the second year, four 
out of six cases have this ratio quite small. Similar 
results also hold for training set B. 


Cl 


C2 



C3 




— 1.5 f i' T’ T i t ""i" i i i i~t— r i t 'i'T'i . t-tt r t . i " i i . r-r-rr-r .» ' 

1926 1930 1934 1938 

time(year) 



Figure 7. Comparison of performance in prediction of phase (direction of departure from mean) of annual mean 
rainfall anomaly by the four configurations C1-C4 for a 15-year period (1926-40). The number of cases out of 
phase for each configuration is indicated in the respective panel. 
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Conclusion 

The present results point to the conclusion that CN with 
structured NN provides a much more powerful network 
configuration for long-range prediction of complex 
processes. In the present formalism, the basic formulation 



figure $a,b. Percentage error in 15-year prediction of all-India 
annual mean rainfall by the four configurations: Cl (small-dash line) 
C2 (long-dash line), C3 (dash line with star symbol) and C4 (solid 
line). The results are shown for two training sets and two prediction 
periods: a, Training set A (1876-1975); prediction period 1976-90. b 
Training set B (1876-1925); prediction period 1926-40. 


and the training principles are still the well-tested 
methods of conventional neural networks. In particular, 
the training algorithm is a straightforward extension of 
the well-known back propagation algorithm. The major 
point of departure from conventional formalism in the 
present work is the introduction of structured neuron in 
place of conventional point neuron. The resultant (com¬ 
posite) network turns out to be much more efficient 
than a conventional neural network. It has greater, and 
more robust learning capability than the conventional 
neural networks. This is reflected in the fact that the 
average errors during learning and during 15-year predic¬ 
tion for C4 are comparable. Nor does its prediction 
accuracy degrade very much for longer prediction period. 
Secondly, CN are much more structurally strong. Unlike 
for ordinary NN, their performance does not critically 
depend on the parameters of the transfer functions. 

A significant fact is that a CN seems to perform well 
even foi prediction periods well outside the training 
period irrespective of the choice of the prediction period. 
This implies, in a sense, that it is possible to model 
the temporal rainfall pattern in a more general way (i.e. 
without reference to a particular period of time). This 
is certainly an encouraging message for attempts at 
dynamical modelling and prediction of rainfall pattern. 
Thus, although the methodology of NN or CN is essen¬ 
tially operational, it may still provide valuable insight 
into dynamical modelling. The fact that a CN can learn 
the variability in the data well, and can predict the 
dilection of departure from the mean accurately and 
consistently for long periods, makes them potentially 
useful tools for designing long-term policy for crisis 
(e.g. draught) preparedness. There have been reports of 
significant success in the use of NN in hybrid prediction, 
such as a combination of statistical method and NN for 
rainfall prediction 13 . The present work shows that the 
CN may provide a self-sufficient tool for predicting 
such processes. 

It further emphasizes the principle and the potential 
of composite—neuron networks for forecasting of 
meteorological variables. It does not yet establish its 
superiority over many conventional methods that are 
used for long-range prediction of monsoon 17 . However, 
most of these methods, which use statistical and empirical 
predictors cannot make prediction longer than a season 
in advance as many of the predictors are not available 
earlier than one season in advance. Thus CN can sup¬ 
plement these seasonal forecasts with longer term (1—2 
years) forecasts. One important task now is to evaluate 
the prediction skill of CN for other temporal and spatial 
scales. This is particularly important since the spatially 
averaged annual mean rainfall is not always a useful 
parameter. The main emphasis of the present work has 
been to design and evaluate composite networks from 
the point of feasibility. With richer configuration and 
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Table 3. Statistical evaluation of performance of a cognitive network in prediction of all-India annual mean rainfall for six prediction 
periods and for four prediction ranges (training data set: all-India annual mean rainfall data for 50 year period— 1876 to 1925) 


Performance statistics in prediction for 




2 years 



5 years 



10 years 



15 years 


Prediction 


No. of 

No. of 


No. of 

No. of 


No. of 

No. of 


No. of 

No. of 

skill 

Average 

cases 

cases out 

Average 

cases 

cases out 

Average 

cases 

cases out 

Average 

cases 

cases out 

starting 

error 

with 

of 

error 

with 

of 

error 

with 

of 

error 

with 

of 

from 

(%) 

error > 10 

phase 

(%) 

error >10 

phase 

(%) 

error > 10 

phase 

(%) 

error >10 

phase 

1926 

2.5 

0 

0 

3.8 

0 

0 

4.2 

1 

1 

4.6 

1 

3 

1936 

7.2 

0 

1 

5.2 

0 

2 

6.9 

2 

3 

6.7 

4 

5 

1946 

11.5 

2 

2 

6 

2 

2 

8.8 

5 

7 

7.7 

6 

9 

1956 

8.5 

1 

1 

5.6 

1 

2 

8.5 

2 

5 

8.7 

3 

7 

1966 

5.2 

0 

1 

6.2 

1 

2 

8 

3 

3 

7.9 

6 

4 

1976 

7.1 

1 

0 

7.7 

3 

1 

9.1 

6 

4 

10.1 

8 

5 


Table 4. Performance of a cognitive network for two-year prediction of monsoon rainfall for various 

prediction periods 


Training 

set 

Prediction 

period 

starting 

from 




Performance statistics 




Error 


Phase 

Average 

error 

(%) 

R = 
Standard 

■\Q-Q' l/sd 
deviation, sd = 68 

First 

year 

Second 

year 

First 

year 

Second 

year 

First 

year 

Second 

year 


1926 

0.1 

0.5 

In 

Out 

0.3 

0.01 

0.06 


1936 

4.8 

1.2 

In 

In 

3.0 

0.64 

0.14 


1946 

3.2 

26.6 

In 

Out 

14.9 

0.42 

3.0 

B 

1956 

3.4 

3.4 

In 

In 

3.4 

0.48 

0.39 


1966 

24 

14.0 

In 

Out 

19.0 

2.6 

1.77 


1976 

14.3 

2.2 

In 

In 

8.2 

1.8 

0.29 


1926 

3.1 

2.8 

In 

Out 

2.9 

0.41 

0.35 


1936 

3.0 

0.1 

In 

In 

1.5 

0.39 

0.01 


1946 

3.5 

8.6 

In 

In 

6.0 

0.45 

1.22 

A 

1956 

5.0 

1.9 

In 

In 

3.4 

0.72 

0.22 


1966 

17.4 

7.0 

Out 

In 

12.2 

1.88 

0.8 


1976 

1.2 

1.5 

Out 

In 

1.3 

0.14 

0.19 


1980 

2.4 

9.1 

In 

In 

5.7 

0.32 

1.14 


1986 

9.8 

16 

Out 

Out 

12.9 

1.13 

1.76 


more extensive training, better performance than reported 
here can be expected. 
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Occurrence of andromonoecious form 
in bottlegourd, Lagenaria siceraria 
exhibiting monogenic recessive 
inheritance 

Sheo Pujan Singh, I. B. Maurya* and 
N. K. Singh 

Department of Vegetable Science, Narendra Dev University of Agri¬ 
culture and Technology, Narendra Nagar, Faizabad 224 229, India 
^Department of Genetics and Plant Breeding, Central Institute of 
Medicinal and Aromatic Plants, Lucknow 226 015, India 

An andromonoecious sex form was obtained in a seg¬ 
regating progeny during the course of selfing in a 
monoecious local collection of Lagenaria siceraria 
(Mol.) Standi. F 2 and BC-1 generations derived from 
the crosses between a stable monoecious line and the 
andromonoecious sex form revealed monogenic re¬ 
cessive inheritance of the latter. 

A variety of sex forms with varying genetic mechanisms 
are met in cucurbitacious crops 1 . Coccinia indica is the 
classical example available in this family that shows 
X/Y type of chromosome mechanism of sex determina¬ 
tion of male and female plants 2,3 . In watermelon, 
monoecious and andromonoecious sex forms are gov¬ 
erned by a pair of alleles where the former is completely 
dominant over the latter 4 . Also, digenic nature of inheri¬ 
tance of monoecious, andromonoecious, gyno- 
monoecious/gynoecious and hermaphrodite conditions 
showing F 2 ratio of 9:3:3:1 are reported in Cucumis 
melo 5 and Luffa acutangula 6 . But, bottlegourd 
(Lagenaria siceraria (Mol.) Standi.) is considered to be 
strictly monoecious 1,7 . While purifying a local collec¬ 
tion, we came across an andromonoecious sex variant 
bearing hermaphrodite and staminate flowers in the 
same plant. Results pertaining to morphological features 
of the sex variant and its inheritance are presented here. 

The andromonoecious variant of bottlegourd, Lage¬ 
naria siceraria , was identified in summer 1990, in a 
segregating population emanating from first selfing of a 
local strain NDBG-6 at the main experiment station, 
Department of Vegetable Science, Narendra Dev Uni¬ 
versity of Agriculture and Technology, Narendra Nagar. 
The new sex form was selfed and designated as 
‘Andromon-6’. It was found to breed true and be quite 
stable in the subsequent generations of selfing. To elu¬ 
cidate the characteristic features of the instant variant, 
observations were recorded of exomorphological and 
reproductive features. To work out the genetics of the 
sex form during summer 1992, Andromon-6 was crossed 
as male parent with a normal monoecious long-fruited 
strain NDBG-10 taken as female. To raise F! generation, 
40 Fi seeds were taken from a well-developed fruit and 
sown in the following summer season of 1993. All the 


34 Fi plants that grew from the 40 F! seeds, were 
monoecious in nature with floral characteristics similar 
to NDBG-10. Ten pistillate flowers, in 10 different F] 
plants, were selfed to obtain F 2 seeds and another 10 
pistillate flowers from another set of 10 F 2 plants were 
backcrossed with recessive parent Andromon-6 to get 
BC-1 seeds.-All the fruits developed in the plants 
were long in shape and similar to that of NDBG-10 and 
at maturity had abundant (340-520) normal seeds. The 



Figure la-/. Morphological composition of flower and fruit shape 
in monoecious and andromonoecious forms in Lagenaria siceraria. 
a-d. Flower morphology: a, staminate flower; /?, pistillate flower; c, 
hermaphrodite flower of Andromon-6; d , close up of mature her¬ 
maphrodite flower; e-f. Fruit shape; e, normal; /, derived from an¬ 
dromonoecious form. 
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Table 1. Segregation pattern of monoecious and andromonoecious sex forms in F 2 and BC-1 generations of bottle- 

gourd 


Name of 
sample 

Number of 
seeds sown 

Number of 
plants obtained 

Number of 
monoecious 
plants 

Number of 
andromono¬ 
ecious plants 

Observed 

ratio 

X 2 value 

Probability 

F 2 generation 







Sample 1 

250 

238 

173 

65 

2.66:1 

0.68 

0.3-0.5 

Sample 2 

250 

244 

186 

58 

3.21:1 

0.20 

0.5-0.7 

BC-1 generation 







Sample 1 

250 

232 

121 

111 

1.09:1 

0.43 

0.5-0.7 

Sample 2 

250 

235 

109 

126 

1:1.16 

1.23 

0.2-0.3 


F 2 and BC-1 generations were grown during summer 
1994. For this purpose, two random samples of 250 
seeds each for F 2 and BC-1 were separately taken from 
four good fruits and sown in four well-prepared plots. 

Regarding exomorphological features, observation 
over the years reveal that andromonoecious sex is ac¬ 
companied by certain peculiarities. Whereas the stami- 
nate flowers of Andromon-6 are similar to normal 
monoecious, the hermaphrodite flowers show a few 
variant features compared to normal female flowers. The 
variant features are: long corolla, 3.5-4.5 cm compared 
to 2.5-3.5 cm in normal (Figure lb, c ); well developed 
anthers encircling full grown stigma (Figure 1 d) and 
oval ovary (Figure Id) that develops into a drum-shaped 
fruit sporting 12 light grooves (Figure 1/) not yet re¬ 
ported in any normal form. The fruit bears prominent 
blossom scar and the majority of mature fruits contain a 
large number (400-700) of white/brown small empty 
non-viable seeds with underdeveloped seed coats. A few 
fruits bear 1-25 normal viable seeds. The full grown 
fruits are only about 25 cm in length and about 45 cm in 
circumference. 

The expression of sex form, flower and fruit morphol¬ 
ogy and seed characteristics in Fi generation show 
complete dominance of monoecious sex habit over an¬ 
dromonoecious sex, normal size corolla over large size 
corolla, long fruit shape over drum-shaped oval fruit, 
small blossom scar over large blossom scar and normal 
seed development over abnormal seed development. 

The segregating patterns of the two sex forms in F 2 
and BC-1 generations are given in Table 1. The data 
shown in the table suggest the possible existence of 
monogenic segregation ratio of 3:1 in F 2 generation and 
1:1 in the BC-1 generation. The % 2 values calculated 
assuming the above ratio show that differences in the 
observed and expected ratios are insignificant. 

Thus, monoecious versus andromonoecious sex forms 
in bottlegourd follow monogenic inheritance. Similar 
inheritance pattern for the given sex forms has earlier 
been reported by Rosa 4 in watermelon. However, the 
other peculiar characteristics, such as oval ovary, large 
corolla, drum-shaped grooved fruits with big blossom 
scar, and abnormal seed development noticed in An¬ 


dromon-6, appear to be linked with andromonoecious 
sex that are inherited consecutively. The linkage of 
round fruit shape with andromonoecious sex in water¬ 
melon has also been reported by Rosa 4 and Poole and 
Grimball 8 with cross-over values observed by the latter. 
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Radioecological aspects of the Kaveri 
River environment 
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We present here the results of investigations carried 
out in the Kaveri River Ecosystem on the back¬ 
ground gamma radiation levels and distribution of 
certain radionuclides such as 210 Po, 2l0 Pb, 226 Ra and 
228 Ra in water, sediment and biota. The ambient 
gamma radiation level ranged from 5 to 27 pR/h and 
it decreased with increasing distance from the river. 
Among the radionuclides tested, 210 Po registered the 
highest level of accumulation. The general accumu- 
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lative ability of organisms follows the increasing or¬ 
der: fish < prawn < molluscans < plankton. The 

aquatic organisms registered higher uptake of 210 Po 
and a lower tendency in the uptake of 210 Pb, 226 Ra 
and 228 Ra. Thus, the fishing community as compared 
to others appears to be subjected to relatively higher 
exposure of gamma radiations from twin exposure 
sources: (i) by residing near a river and (ii) uptake of 
higher 210 Po concentrations through aquatic food 
sources. 

THE biosphere of this earth is constantly bathed in a sea 
of radiation 1 . Both radioactivity and ionizing radiation 
associated with it have existed on earth long before life 
emerged. We are surrounded by radioactivity 2 . Of the 
three ionizing radiations of primary ecological concern 
(alpha, beta and gamma), alpha and beta-emitting radi¬ 
onuclides are classified as ‘internal emitters’ because 
their effect is likely to be greatest when absorbed, in¬ 
gested or otherwise deposited in or near living tissues. 
Conversely, radioactive substances that are primarily 
gamma emitters are classified as ‘external emitters’ 
since they are penetrating and can produce their effect 
without being ingested 3 . The interaction between hu¬ 
mans and the environment has resulted in variations in 
the quality and quantity of the background ionizing ra¬ 
diation to which a human being is exposed. Studies on 
natural radioactivity in a freshwater system offers con¬ 
siderable scope for understanding the mechanism of ra¬ 
dioactive transport to man through the food chain. 

River Kaveri is one of the perennial rivers of South 
India and the longest river in the state of Tamil Nadu. 
The river after coursing through Karnataka state, passes 
through Salem, Dharmapuri, Tanjore, Tiruchirappalli 
and South Arcot Districts of Tamil Nadu serving as the 
primary source of water supply for agricultural, indus¬ 
trial and domestic activities. A scientific study on the 
natural radiation status of the Kaveri river has not hith¬ 
erto been attempted. Considering the importance of 
knowledge on the background radiation level, a study 
was undertaken to evaluate the significance of natural 
radiation levels in the stretch of river Kaveri from Karur 
to Grand Anicut (95 km) together with specific investi¬ 
gations on the levels of radionuclides accumulated in 
environmental matrices. 

To investigate the extent of background gamma radia¬ 
tion in the environment, detailed radiation surveys over 
an extended stretch of the river and villages situated in 
proximity of the river were systematically conducted 
using a calibrated SM 141 D ECIL Scintillometer. A 95- 
km river stretch from Karur to Grand Anicut was sur¬ 
veyed along the banks of the river at a height of 1 m 
above the ground. Similar surveys were also carried out 
in villages well away (0.5 km) from the river. The ob¬ 
served range of gamma radiation levels in the river 
tracts and some adjoining villages is given in Table 1. 
The survey data resulting from these detailed investiga¬ 
tions clearly show a reasonably wide natural radiation 


Table 1. Ambient gamma exposure rates in the Kaveri River envi¬ 
ronment 


Location 

Range 

Mean ± SD 

pR/h 

(i) River sediment 



Karur 

15-20 

16 ± 2 

Mayanur 

10-27 

18 ± 7 

Upper Anicut 

10-27 

18 ± 8 

Coleroon 

7-25 

15 ± 7 

Grand Anicut 

10-27 

16 ± 6 

(ii) Villages closer to river 



Karur 

12-18 

15 + 3 

Mayanur 

10-24 

16 ± 6 

Upper Anicut 

9-25 

15 + 6 

Coleroon 

7-22 

12 + 5 

Grand Anicut 

8-25 

15 ± 7 

(iii) Interior villages away from 

river 


Karur 

10-15 

12 ± 2* 

Mayanur 

8-10 

8 ± 1* 

Upper Anicut 

5-10 

8 + 3* 

Coleroon 

7-11 

9 + 2* 

Grand Anicut 

8-12 

10 ± 2* 


*P < 0.1. 


background ranging from 7 to 27 pR/h prevailing over 
the riverine sediments. It was also observed during the 
survey that the gamma radiation level over the river 
sediments showed somewhat irregular and discontinuous 
radiation profile. This irregularity in the distribution of 
gamma radiation could also be attributed to the moisture 
content of the banks since water inhibits the release of 
radioactivity. These survey data were helpful in estab¬ 
lishing the existence of natural radiation background 
regime in the environment of River Kaveri. Although a 
wide range of radiation levels (5-27 pR/h) were ob¬ 
served for the entire area, the higher frequency was 
however found to be around 15 pR/h. In contrast, the 
villages away from the river tended to display fairly 
lower radiation levels ranging from 8 to 12 pR/h (mean: 
9 pR/h). The data on radiation levels of sediments from 
river banks, villages closer to the banks and villages 
away from bank were subjected to an analysis of vari¬ 
ance. The differences between these sampling stations 
were found to be significant (P <0.1 level). From the 
study, it may be said that the population residing perma¬ 
nently near the riverine areas are placed at a relatively 
higher exposure level compared with farmers and others 
living away from the river. The observed gamma radia¬ 
tion exposures in the Kaveri River environment are 
comparable to the ambient gamma radiation exposure 
along the west coast from Mangalore to Karwar in Kar¬ 
nataka 4 (3-16 pR/h) and far less than the ambient 
gamma exposure rates of Kalpakkam coastal area 5 (10- 
400 pR/h), indicating a low background radiation in the 
area, perhaps typical of a riverine ecosystem and 
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Table 2. 

Natural radioactivity 

in environmental components 




210 Po 

2IOp b 

226 Ra 

228 Ra 

Sample 



Bq/kg fresh 


Water 

Range 

0.77-2.3 

1.8-3.5 

0.8-1.1 

4.5-7.7 


Mean 

1.3 ±0.6 

2.5 ± 0.7 

0.9 ±0.1 

6.2 ±1.5 



(mBq/1) 

(mBq/1) 

(mBq/1) 

(mBq/1) 

Sediment 

Range 

16.4-30.3 

11.2-18.5 

4.7-7.0 

10.3-22.3 


Mean 

24.5 + 6.5 

15.5 ± 3.9 

5.8 ± 1.1 

15.6 ±5.3 

Plankton 

Range 

18.9-56.6 

4.8-9.3 

ND-2.7 

ND-3.6 


Mean 

38.5 ± 17.9 

7.6 ±2.7 

1.5 ±0.6 

2.5 ± 1.1 

Aquatic weed 






Floating 

Range 

6.7-11.9 

0.6-1.1 

0.2-0.8 

0.3-1.7 


Mean 

9.6 ± 2.6 

0.8 ±0.2 

0.6 ±0.3 

0.9 ± 0.4 

Rooted 

Range 

3.3-9.4 

0.3-0.8 

BDL-0.1 

0.3-0.8 


Mean 

6.7 ± 2.9 

0.5 ± 0.2 

0.1 ±0.02 

0.6 ±0.3 

Crustaceans 






Muscle 

Range 

3.6-18.3 

0.4-0.8 

, BDL-0.3 

0.6-1.0 


Mean 

11.1 ±7.2 

0.6 ± 0.2 

0.2 ±0.1 

0.8 ± 0.2 

Exoskeleton 

Range 

3.0-20.8 

0.8-1.6 

0.8-3.8 

1.5-5.8 


Mean 

12.1 ±8.7 

1.2 ±0.4 

2.6 ± 1.4 

3.6 ± 2..2 

Molluscans 






Soft tissues 

Range 

32.5-145.7 

0.2-1.0 

0.2-0.4 

0.3-1.0 


Mean 

92,1 ± 52.6 

0.6 ± 04 

0.3 ±0.1 

0.6 ±0.3 

Shell 

Range 

1.6-4.5 

2.8-8.8 

1.0-2.8 

1.8-4.3 


Mean 

2.6 ±1.0 

5.9 ±2.8 

2.0 ±0.9 

3.0 ± 1.2 

Fish 






Muscle 

Range 

1.8-8.0 

0.2-0.3 

BDL-0.4 

ND-0.8 


Mean 

4.8 ±3.2 

0.3 ± 0.04 

0.3 ±0.1 

0.6 ±0.2 

Bone 

Range 

0.5-6.8 

0.7-2.0 

1.4-3.0 

1.4-4.9 


Mean 

3.7 ±2.8 

1.3 ±0.7 

2.4 ±0.6 

3.1 ± 1.8 


ND-not detected. 
BDL-below detection limit. 


suggesting no abnormal radiation dose received there¬ 
from by the resident public in the neighbourhood. 

Radium-226, Lead-210 and Polonium-210 of the 
Uranium-238 series are responsible for major fraction of 
the dose received by humans from naturally-occurring 
internal emitters. Radium-228 of the Thorium-232 series 
is a beta emitter and is similar to 226 Ra in toxic behav¬ 
iour and therefore has considerable significance in envi¬ 
ronmental radioactivity studies, so also it contributes 
significantly to the background radiation by decaying to 
thoron plus series of short-lived daughters. To obtain 
comprehensive information on the distribution and bio¬ 
accumulation of radioactive nuclides and to establish the 
radioecological status of River Kaveri, measurement of 
radionuclides of uranium series such as 210 Po, 210 Pb and 
226 Ra and those of thorium series such as 228 Ra was 
made in water, sediment and biota such as plankton, 
weed, prawn, mollusca and fish following the method of 
Iyengar et al 6J and the results are given in Table 2. The 
biological samples such as prawns, molluscans and 


fishes were allowed to depurate in filtered river water 
for 24 h and washed in water to remove sand and other 
detritus materials, owing to high radionuclide associa¬ 
tion with silt/undigested food materials, before the 
commencement of experimental procedure. However, 
this procedure could not be applied to plankton samples. 
Hence, contribution of activity from silicates could not 
be ruled out. The analyses are described briefly: 

210 Po by electrochemical deposition on a silver 
planchette and subsequent alpha counting. 

210 Pb by allowing equilibrium growth of 210 Bi 
(Ti/ 2-5 days) and separation on BiPQ 4 and count¬ 
ing in a low beta counter. 

226 Ra by emanometry. 

228 Ra by allowing equilibrium growth of its daughter 
228 Ac (T 1/2 = 6.1 h) and separation of the latter on 
LaF 3 and counting in a low beta counter. 

The data show that the living system accumulated the 
radionuclides to a level distinctly higher than the ambi- 
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ent level, the plants and animals of Kaveri River main¬ 
tained varying degrees of concentration of the four radi¬ 
onuclides and 210 Po displayed maximum accumulation. 
High accumulations of 210 Po relative to other nuclides 
are seen in all the organisms under study. From the data 
in Table 2, significant intake of 210 Po among 
fish/shellfish-eating population may be anticipated due 
to relatively more 210 Po levels in the organisms, particu¬ 
larly in the edible parts of the muscle. Conversely, 
higher concentrations of 210 Pb, 226 Ra and 228 Ra are evi¬ 
dent significantly in the shell. The muscle of prawn and 
fish are also sites of accumulation of ~ Pb, “ Ra and 

99ft 910 

Ra as they are for Po, but their levels are relatively 
much lower. The higher concentration of “ Pb, Ra 
and 228 Ra in shells and bones of aquatic organisms may 
be linked to their capacity to replace calcium. The con¬ 
centration factors (CFs) for 210 Po are in the range of 
10 3 —10 4 with the fishes displaying low levels. The CFs 
of 210 Pb, 226 Ra and 228 Ra in comparison to 210 Po in the 
same organism are generally found to be less by a factor 
of 10 or even 100 in some cases and ranged from 10 to 
10 3 . The results of 210 Po, 210 Pb, 226 Ra and 228 Ra accumu¬ 
lation in some of the environmental matrices reported 
here are higher than the concentrations reported in cer¬ 
tain other normal background radiation areas 8,9 . 

Another interesting observation was the higher con¬ 
centration of these radionuclides in the abiotic and bi¬ 
otic components of impounded water rather than in a 
running water environment. This could be due to the 
settlement of radionuclide-rich silt and organic matter 
and interaction of the biotic components with the sedi¬ 
ment and higher biological production of an impounded 
water body. Higher concentrations of 210 Po and 2I0 Pb in 
the environment indicate higher inputs from the atmos¬ 
phere and land run off of these radionuclides, since the 
main source of “ Po and Pb entering the environment 
is the exhalation of 222 Rn from the ground and its subse¬ 
quent decay in the atmosphere. This results in 210 Po and 
210 Pb deposition on the earth’s surface and higher con¬ 
centrations of 228 Ra radionuclide in water and sediment 
indicating higher thorium-bearing minerals in soil/or 
weather rock. Gamma spectrometry of the primordial 
radionuclides indicated a higher level of 232 Th activity 
(45 Bq/kg) than 238 U activity (15 Bq/kg) in Kaveri River 
sediment. 

This study has established the level of background 
radiation in Kaveri River environment. The extensive 
studies covering the natural radiation aspects in the area 
have become evident for the possible external and inter¬ 
nal exposure of the local population. The data presented 
here indicate that the nuclides contribute a substantial 
fraction of the total environmental dose to fauna. 
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Significance of the first record of 
nautiloid from the Upper Cretaceous 
Bagh Group of rocks 

T. K. Gangopadhyay and K. Haider* 

Department of Mining and Geology, B.E. College (D.U.), Howrah 
711103, India 

* Department of Geological Sciences, Jadavpur University, 
Calcutta 700 032, India 

The significance of the first record of an eutre- 
phoceratid nautiloid in the Upper Cretaceous Bagh 
Group is evaluated here. Since nautiloids are truly 
oceanic in habit, their rarity is perhaps due to deep 
inland nature of the Bagh sea. 

The Upper Cretaceous Bagh Group, represented by 
shallow marine carbonates 1 , is overlain by the Lameta 
Group or Deccan Trap and underlain by the Nimar 
Group or the Precambrian Crystallines. The outcrops of 
these rocks, although disconnected, show a parallel 
alignment to the course of the river Narmada and are 
concentrated in its northern flank (Figure 1). It is gen¬ 
erally accepted that the Narmada-Son trend (WNW- 
ESE) is a tectonic lineament and represents a mid¬ 
continental rift from the Precambrian times 2 , being as¬ 
sociated with the Karoo rift system 3 . It has been reacti¬ 
vated many a time during the Phanerozoic, including the 
Upper Cretaceous, and is still active. The marine Bagh 
Group of carbonates were deposited in this narrow belt 
of inland sea bound by the rift complex and represent an 
aulacogen 3 . 
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The Bagh Group consists of two formations (Figure 
2). The lower Nodular Limestone Formation is divisible 
into three subunits. The basal subunit is a plane lami¬ 
nated lime mudstone. The middle subunit bears a rec¬ 
ognizable nodular character and overlies the basal 
subunit rather sharply. The topmost subunit (marly) is 
distinctly nodular and contains a higher proportion of 
argillaceous material in the form of clay seams wrapped 
around the limestone nodules. It rests on a planar, bored 
hardground just top of the middle subunit. These two 
formations are separated by another planar, bored hard- 
ground. 

These detached marine carbonate inliers have yielded 
different fossil groups like echinoids, bivalves, cephalo- 
pods, and bryozoans. Since the earliest collection by 
Keatinge and Blackwell in 1857, many workers 4 " 14 have 
studied the fossil fauna of this group of rocks. However, 
none has reported occurrence of nautiloids in these 
rocks. This group, otherwise, is an important faunal 
element of the Cretaceous deposits throughout the 
world, including other basins of India. 

Recently, during field work at Rampura (22°17'30"; 
74°46') near Bagh Caves, we collected a single speci¬ 
men of an eutrephoceratid nautiloid from the topmost 
subunit of Nodular Limestone Formation (Figure 3) 
which raises the question why they are so rare in Bagh. 



Figure 1. Location map of Bagh Group of rocks. 


Systematic palaeontology 


Superfamily 

Family 

Genus 

Type species 


Nautilaceae de Blainville, 1825 
Nautilidae de Blainville, 1825 
Eutrephoceras Hyatt, 1894 
Nautilus dekayi Morton, 1834 


Eutrephoceras sp. (Figure 4) 

Material: Single specimen being internal mould, still 
septate, has been collected from the uppermost part of 
the Nodular Limestone Formation at Rampura, Dhar Dt., 
Madhya Pradesh and is kept in the museum of the De¬ 
partment of Geological Sciences, Jadavpur University, 
Calcutta. 

Description: Shell small, maximum diameter observed 
58 mm, septate, immature, involute, relatively slowly 
widening with somewhat rounded to slightly depressed 
whorl section. Umbilicus narrow small; laterals strongly 
arched; venter broadly arched. Whorl section rounded. 
Septa relatively widely spaced (seven in half whorl). 
Suture almost straight with very shallow lateral and 
ventral lobes. Siphuncle situated at a high position be¬ 
low one third height of the septum from the venter. Sur¬ 
face smooth on internal mould. 

Discussion: Eutrephoceras is ubiquitous and ranges in 
time from the Upper Jurassic to Middle Cenozoic 15 . It is 
the most common post-Triassic nautiloid. The genus 
generally has a tightly involute, subglobular, smooth 
conch with nearly straight sutures. However, there oc¬ 
curs wide interspecific variability in conch shape, de¬ 
gree of involution and inflexion of sutures. These 
perhaps suggest wide adaptive realm for this genetic 
stock. 

The present form seems to be close in apertural out¬ 
line to two Cretaceous forms, namely Eutrephoceras 
dekayi (Morton) from USA and E. laverdei Durham 
from Colombia. All the forms seem to be involute and 
have somewhat rounded and depressed aperture. In Up¬ 
per Cretaceous, E. dekayi position of siphuncle varies 
ontogenetically, being lower in early ontogeny and 
above the centre in later ontogeny. In Aptian E. laver¬ 
dei , it is centrally placed 16 . 

Blanford 17 described many nautiloid species from Up¬ 
per Cretaceous marine rocks of Trichinopoly basin, 
some of which belong to Eutrephoceras. The present 
specimen resembles some of the variants of ‘ Nautilus ’ 


BRYOZOAN LAMEJA 

-*-N!MAR-*~*-NODULAR LIMESTONE -^LIMESTONE-*-*-► 



Figure 2. Complete measured section of Bagh Group of carbonates at Rampura. Hi, H 2 , Hard grounds. 
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Figure 3. Photograph showing the Bagh Group of carbonates at 
Rampura. Arrow indicates the exact position in the topmost subunit 
of Nodular Limestone Formation from where the specimen has been 
collected. 



Figure 4a, b. Lateral and ventral views of Eutrephoceras sp. 

bouchardianus d’Orb. 17 , of Arialoor group, Trichinop- 
oly district, in general shell shape and whorl outline, but 
the latter species being highly variable, is generally 
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more depressed and has sinuous suture. Besides, ‘AC 
bouchardianus is characterized by larger umbilicus and 
dense ribbing in early ontogeny. The present specimen 
has close correspondence with c Nautilus ’ elegans D’orb. 
found from Trichinopoly group in different localities of 
Trichinopoly district and particularly shows strong 
similarities with an internal mould of the latter species 17 . 
Both the species have similar apertural outline, number 
of septa per whorl and position of siphuncle. But W\ 
elegans is an ornamented form characterized by dense 
ribbing with slightly evolute perforated umbilicus. 
Moreover, it perhaps comes from a lower stratigrahic 
level. 4 Nautilus ’ rota 17 found from the lower part of 
Arialoor group of Trichinopoly, resembles the present 
form in young stage in having smooth shell but can be 
distinguished by its compressed whorl section, more 
ventrally placed siphuncle and much more sinuous su¬ 
ture. However, W.’ rota has transverse ribs in adult 
stage and the species was later ascribed to the genus 
Paracymatocercis 16 . 

The Bagh fauna, particularly of the Nodular Lime¬ 
stone Formation, bear the typical shallow marine signa¬ 
ture. Nevertheless, nautiloids which are otherwise a part 
of the typical faunal element of the Cretaceous marine 
horizons of many places of the world 15,16,18 are con¬ 
spicuous by their absence. 

The Bagh basin was restricted to the Narmada-Son 
lineament which is a deep-seated fault. During the 
Cenomanian flooding, this narrow belt bound by the rift 
complex was inundated and formed a deep interior sea¬ 
way where the carbonates were deposited. 

Although the Bagh biostratigraphy suffers from pre¬ 
cise zonation and age, recent report of inoceramids like 
Inoceramus lamarcki var. cuvieri, /. lobatus indicates 
Senonian age 10 for the Nodular Limestone Formation 
and recent recognition of pandemic ammonite species, 
Placenticeras kaffrarium 19 from all the subunits of the 
Nodular Limestone Formation at Rampura indicates 
Coniacian age 20 for the Nodular Limestone Formation. 

The presence of Placenticeras tamulicum , now re¬ 
classified as Placenticeras kaffrarium 20 , in the Tri¬ 
chinopoly stage of the Cauvery basin in the east coast of 
Indian peninsula points to close similarity in age of the 
Nodular Limestone Formation of Bagh and the Tri¬ 
chinopoly stage of the Cauvery basin. 

Palaeobiogeographic distribution of nautiloids indi¬ 
cates that post-Palaeozoic nautiloids were truly oceanic 
in habit and mainly restricted to the continental platform 
margin 15,21 . The only surviving nautiloid genus, Nautilus 
is confined to the oceanic Indo-West Pacific faunal 
province between the Philippines and Samoa 22, 23 . It 
lives in deep water, generally prefers an average depth 
of 300 m. Nautilus is very sensitive to temperature and 
flourishes best between 25 and 29°C and at normal sa¬ 
linity 23 . Even 1-2° change in temperature is detrimental 
to it 22 . Bagh being an inland sea, was very shallow and 
perhaps physico-chemicaliy more stressful than normal 
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open marine environment, and was not conducive for 
nautiloid living. 

The individual groups within the Bagh taxa appear to 
be of high density but are less diverse. Ammonites pre¬ 
viously believed to be taxonomically diverse, are now 
found to be almost monotypic represented mainly by 
Placenticeras 19 . The functional morphological study of 
this genus as well as sedimentary facies analysis indicate 
that they lived in very shallow waters 24,25 and their mo¬ 
nopolization of the Bagh basin as an opportunist species 
implies prevalence of physico-chemical stresses. 

The only nautiloid specimen found, is a steinkern. As¬ 
sociated ammonites also show varying states of preser¬ 
vation. The horizon, where the specimen is recorded, is 
a condensed zone marked by hardground at several lev¬ 
els 26 . Associated ammonites are often seen to be bored 
and internal moulds are even encrusted with epizoan 
oysters implying reworking. The eutrephoceratid speci¬ 
men is a septate internal mould whose camerae are in¬ 
filled with a matrix similar to the host sediment. Since 
the infilled material retains the shape of nautiloid, we 
suggest that sediments were cemented prior to diage- 
netic dissolution of aragonitic shell. But matrix was 
partly lithified when the shell dissolved as evident from 
a slight deformity of the specimen. The absence of body 
chamber in the present specimen, we believe, is due to 
mechanical destruction prior to burial 27 . This also ex¬ 
plains why infilling material is sediment and not calcitic 
spar which commonly occupy camerae of Bagh ammon¬ 
ites. Water with dissolved carbonates enters the cepha- 
lopod phragmocone through siphuncle. Eutrephoceras, 
characterized by siphuncle, is a deep-water form and 
preferred to live in the continental shelf 21 . 

In conclusion, we attempt to establish that rarity of 
nautiioids in the Bagh basin may be ascribed to the deep 
inland nature .of the sea which differed physico- 
chemically from the open oceanic environment. The 
only eutrephoceratid recorded, was perhaps posthu¬ 
mously transported from the open marine environment 
in a manner similar to the fate of a dead shell of extant 
Nautilus. The shell was later mechanically damaged, 
lost its body chamber and was finally buried within the 
Bagh sediment. 
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Structural provinces of India based 
on gravity trends 

H. V. Ram Babu 
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Gravity trend is defined as the axis of an elongated 
high or a low. Trends drawn from the Bouguer 
gravity anomaly map of India reveal that the Indian 
shield is a mosaic of about twelve crustal blocks that 
are either sutured or separated along the rift valleys. 
These blocks corroborate well with those identified 
earlier from geological evidences and provide a geo¬ 
physical support to geological inferences. 
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GRAVITY trend is defined as the axis of an elongated 
gravity high or low. These trends represent deep struc¬ 
tural features such as the axis of a major fold or an 
elongated intrusion in the metamorphic or the crystalline 
part of the crust. In sedimentary regions, the trends in 
the sediments are usually parallel to the trends in the 
underlying crust. Rifts could be identified from gravity 
trends as elongated linear belts. The study of gravity 
trend patterns helps to identify geologic terranes 1 ’ 2 
- crustal blocks with different geological and tectonic 
history from the adjoining blocks. 

Gravity trends drawn from the Bouguer gravity 
anomaly map of India 3 are shown in Figure 1. The most 
prominent feature of Figure 1 is the belt of linear trend 
pattern in ENE direction that extends from west to east 
across the subcontinent along the Narmada and Son riv¬ 
ers. Oblique to this major trend pattern are the linear 
belts along Godavari, Mahanadi and Damodar river 
valleys which appear to have been branched out from 
the Narmada-Son trend pattern. These belts of linear 
trends might suggest the pattern of ancient rifting of the 


Indian shield and subdivide the Indian crust into various 
geological/tectonic provinces. Twelve crustal blocks 
listed in Table 1 have been delineated from the gravity 
trends by using the following criteria: 

a crustal block contains internally consistent set of 
sub-parallel trends; 

boundaries of crustal blocks separate discordant 
trend patterns; 

the amplitudes and pattern of anomaly may change 
from one block to the other. 

Following the above criteria, twelve crustal blocks 
have been identified from Figure 1. These crustal blocks 
have characteristic geologic features that distinguish one 
from the other and they can be called as ‘terranes 5 and 
individual geologic and structural characteristics of 
these terranes have been described 4,5 . 

The relative age of gravity trend areas can be inferred 
from where the trends on one side of the common 
boundary are parallel to it and on the other side are 
oblique to it. The oblique trends are likely to antedate 



Figure 1. Gravity trend map of India and the twelve crustal blocks delineated from the trends. NSR, Nar¬ 
mada—Son rift zone; DR, Damodar rift; MR, Mahanadi rift; AR, Aravalli rift(?); GR, Godavari rift. 
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Table 1. Structural blocks identified from gravity trends and their 
trend directions 


Block 

number 

Name of the 
block 

Major trend 
direction 

Major rock type/ 
structure 

1 

Southern granulite 
terrain 

N-S 

Granulites 

2 

Palghat-Cauvery 
shear zone 

ENE 

Shear zone 

3 

Coastal Tamil Nadu 
(Cauvery) terrane 

ENE 

Sediment cover 

4 

Dharwar craton 

NNW, 

Schist belts. 


and a part of the 
Deccan volcanics 

NW-SE 

Closepet granite, 
granite-gneiss 

5 

Eastern Ghats 

NNE, 

NE-SW 

Khondalites, 

alkaline 

magmatism 

6 

Bhandara craton 

N-S, NNW 

Granite-gneiss 

7 

Singhbhum 

craton 

N-S, ENE 

Ultramafic suites 
with granite 
intrusives 

8 

West Rajasthan 
block 

NNW 

Sediments and 
trap cover 

9 

Bundelkhand 

craton 

ENE 

Reworked gneisses 
and granitic rocks 

10 

North Aravalli 

craton 

N-S 

Rhyolitic rocks, 

granites, 

migmatites 

11 

Shillong plateau 

E-W 

Granites, gneisses, 
and metamorphics 

12 

Himalayan fold 
belt 

NW to NE 



the formation of the boundary while those parallel to the 
boundary are likely to post-date it 1 2 * . The following rela¬ 
tive ages of the gravity trend areas are found by apply¬ 
ing these rules to the gravity trend patterns shown in 
Figure 1. In the south Indian shield, the areas with the 
oldest trends are inferred to be the blocks 1 (the south¬ 
ern granulite terrain) and 4 (the Dharwar craton). Adja¬ 
cent blocks 2, 3, and 5 appear to have younger trends. 
Amongst these three, the block 2 appears to be older 
than blocks 3 and 5. The blocks 4 (Dharwar craton), 6 
(Bhandara craton) and 7 (Singbhum craton) are sepa¬ 
rated from each other by the Godavari and the Mahanadi 
rifts respectively. Gravity trend patterns suggest that the 
Bhandara and the Singbhum cratons might be older than 
the Eastern Ghats (block 5). In the northern part, the 
Bundelkhand block (block 9) appears to be older than 
the west Rajasthan block (block 8) and the Himalayan 
fold belt (block 12). 

The study of gravity trend patterns helped to identify 
twelve structural provinces (terranes) and their relative 
ages in the Indian shield. The terranes identified in 
the present study are almost identical to those identi¬ 
fied from geological studies by Radhakrishna 5 , thereby 
providing a geophysical support to the geological find¬ 
ings. 
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Effect of abrupt salinity changes on 
survival of Artemia parthenogenetica 

V. Ramasubramanian and N. Munuswamy 

Department of Zoology, University of Madras, Guindy Campus, 
Madras 600 025, India 

A sudden decrease in salinity from 130 to 20 ppt re¬ 
sulted in the death of 96% adults, 78% subadults 
and 30% nauplii of Artemia parthenogenetica. Thus 
the tolerance level of the nauplius to changing salin¬ 
ity was greater than other stages. 

DUE to precipitation and flooding, Artemia populations 
flourishing in the saltpans are subjected to wide and 
abrupt changes in salinity 1-4 , von Hentig 5 made a de¬ 
tailed study on survival of A. salina nauplius exposed to 
different salinity-temperature combinations. An equally 
detailed study was also undertaken on the hatching effi¬ 
ciency of cryptobiotic cysts 6 as a function of salinity. 
We report here survival of selected life stages of A. 
parthenogenetica , which were exposed to abrupt 
changes in salinity. 

Populations containing nauplius, subadult, and adult 
stages of A. parthenogenetica were collected from salt¬ 
pans at Kelambakkam, Madras, South India. They were 
quickly transported to the laboratory, where each of the 
selected stages (50 each) were separated and abruptly 
exposed to different salinities (20-130 ppt) in beakers 
(1000 ml). They were fed on rice bran twice a day and 
the water in the beakers was changed once a day. Five 
replicates were maintained for each stage at the tested 
salinities. The 130 ppt salinity was considered as the 
control and the duration of the experiment was restricted 
to five days. 

The adults were most susceptible to sudden salinity 
changes, when they were transferred from 130 to any 
lower salinity down to 20 ppt (Figure 1); the mortality 
was also high, as much as 96%. The subadults were also 
severely affected, suffering a mortality of 78% com¬ 
pared to nauplii (30%). Hence the nauplius was the most 
tolerant stage to sudden salinity changes. 

A sudden decrease of 10 ppt (130-120 ppt) in salinity 
resulted in less than 10% mortality in adults and 
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o Adults a Sub-Adults • Nauplii 


Figure 1. Mortality rates of different stages of A. partheno genetic a 
exposed to various salinity ranges. 

subadults, while a decrease to 90 ppt caused a mortality 
of 19% and 12% in adults and subadults respectively. 
However, the nauplii suffered only a less mortality of 
9% and 5%, owing to the decreases in salinity from 130 
to 50 ppt, or to 60 ppt. 

Two-way analysis of variance was used to test the 
variations among the developmental stages with refer¬ 


ence to salinity tolerance. The analysis revealed that 
salinity did not significantly influence the larval survival 
(P < 0.05). However, the effect of changes in salinity on 
the survival of the subadults and adults is not pro¬ 
nounced. Naupliar capacity for tolerance of wide fluc¬ 
tuation to salinity is reported, perhaps for the first time, 
and further work is in progress. 
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BOOK REVIEW 


Wealth from Waste. Sunil Khanna and 
Krishna Mohan, eds. Tata Energy Re¬ 
search Institute, Darbar Seth Block, 
Habitat Place, Lodi Road, New Delhi 
110 003. 1995. Price: Rs 350. 280 pp. 


From the title, I expected to find a se¬ 
ries of articles, focussing on opportuni¬ 
ties to convert waste into wealth, 
perhaps giving a picture of how much 
wealth is waiting to be tapped. But the 
book does not do that. It is based on the 
outcome of a workshop held in 1994, 
supplemented by some commissioned 
articles. 

The foreword stresses reuse of mate¬ 
rials and consequent addition to wealth. 
The preface talks more of cleaning up of 
environment. This twin objective has 
resulted in the book being a collection 
of articles, without the articles being 
woven into a ‘story’. To me the most 
significant of the contributions can be 
woven around sugarcane to illustrate 
better, how wealth can be made from 
waste (and is being done industrially). 
The sugarcane is one of the most effi¬ 
cient users of sunlight in covering solar 
energy into biomass. The cultivation of 
sugarcane has been characterized by the 
wasteful use of water practised by most 
farmers, which not only is a waste of 
scarce water, but also produces salinity 
of the land. This is the first action 
point - the use of water in modern 
practice has been substantially reduced 
by drip irrigation and also the yield is 
increased and the soil quality main¬ 
tained. 

The sugarcane when it is ready for 
harvesting, has some green leaves good 
for animal fodder, but the part which is 
not suitable for animals is cut and left in 
the field, to be burnt or ploughed under. 
This could be considered for vermicom- 
post, (as per the work of M. R. Bhiday, 
chapter 8 - perhaps generating biogas as 
well). The cane goes to the village jag¬ 
gery unit or the big sugar factory. Early 
in history, and even till about 30 years 
ago, the bagasse, fibrous residue after 


removal of sugarcane juice, was used 
only for burning as fuel and some ‘mud’ 
removed from the jaggery pan or the 
molasses in the factory used to lie 
around and produce the bad smell so 
characteristic of sugar factories even 
now. 

About 30-35 years back, the realiza¬ 
tion came in the sugar industry, particu¬ 
larly in Maharashtra, that by proper 
management of the processes, one can 
produce more sugar and less waste. 
Getting more juice out of the cane left a 
better bagasse that has a good demand 
for paper production. At the same time, 
by proper use of the steam generation 
processes, the sugar mill is a net pro¬ 
ducer of energy and not a consumer, and 
many sugar factories distribute surplus 
electricity to villages around. They are 
practising the cogeneration that Dadiich 
talks about in chapter 3. The use of 
steam is done by multiple effect evapo¬ 
rators, which means the waste heat in 
the evaporated water is recovered and 
used time and again. This is the message 
of Srinivas Rao in chapter 5, but he 
deals with applications where his com¬ 
pany has experience, viz. hot gases to 
water/liquid. He does not mention 
multiple effect evaporation, which is 
conventional, nor recovery of waste flue 
gases in the small wood burning chul- 
lahs. These latter are a big resource 
going waste. 

This still left the molasses in the 
field; such a low value produce that the 
storage was only in ponds not in any 
tanks. Then came the use of the molas¬ 
ses for fermentation to make alcohol 
and its derivatives. There was a time 
when Indian alcohol was converted into 
polythene (before the petrochemical 
wave and synthetic ethylene replaced 
natural alcohol). So the fermentation 
alcohol now goes mostly for potable 
products. The molasses, that stinking 
product lying around the sugar factories 
in ponds, has many valuable uses from 
animal feeds to potable alcohol and 
many chemicals and pharmaceuticals, 
through fermentation routes. Is there 


any better example of wealth from 
waste? 

But that is not the end of it. After 
making the alcohol and distilling, the 
spent wash is again a nasty effluent. 
Now we hear in Jalgaonkar’s paper 
(chapter 13) about the fermentation 
process whereby the spent wash is con¬ 
verted into biogas and an effluent that is 
good for the farms (sugarcane?) and the 
sludge is a rich manure too! The paper 
of Jalgaonkar does a good job showing 
feasibility of using spent wash from the 
distillery to generate biogas. Abdullah 
Khan illustrates the same technology in 
relation to the cleaning up of Ganga or 
for that matter any public sewerage 
system. There are other papers dealing 
with fruit waste and also the theory of 
methane generation and microbial ac¬ 
tion in composting - all operations al¬ 
ready in the sugarcane processing as 
described above. The paper by Joseph is 
unique in that it describes how wealth 
can be generated not just from the 
waste, but also from the commercial 
transactions involved. It is a novel 
scheme of ‘tradeable permits’ for pollut¬ 
ing industries; it is based on the law of 
diminishing returns and brings some 
optimization of societal costs keeping 
the target pollution level for a region 
the same. The idea is apparently in trial 
in some other countries. 

There are some other papers, dealing 
with the legal issues, and landfill re¬ 
quirements, hazardous wastes, etc. In 
summary, the book is a collection of 
papers of varying relevance, that col¬ 
lectively do not convey the message of 
wealth, waiting to be tapped. Perhaps 
the story of sugarcane could have been 
used to weave the different papers to¬ 
gether to make the message more effec¬ 
tive. But then that is not the way 
seminars are arranged! 


S. S. Kalbag 

Vigyan Ashram , 

Pabal, Dist. Pune 412 403, India 
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ACADEMY NEWS 


The Indian Academy of Sciences elects new Fellows - 1995 





Adimurthi 

Tata Institute of Fundamental Research, IISc 

Campus, Bangalore 

Area: Nonlinear differential equations. 


S. Bhattacharya 

Department of Zoology, Viswabharathi Uni¬ 
versity, Santiniketan 

Area: Reproductive biology and comparative 
endocrinology. 


A. K. Datta 

Indian Institute of Chemical Biology, 
Calcutta 

Area: Nucleic acid enzymology, protein 
chemistry, virology, parasitology and re¬ 
combinant DNA technology. 




S. Ananthakrishnan 

National Centre for Radio Astrophysics, Tata 
Institute of Fundamental Research, Pune 
Area: Extragalactic radio-astronomy, solar 
wind and interplanetary scintillation, very 
long baseline interferometry techniques and 
analog electronics. 


M. K. Basu 

Biomembrane Division, Indian Institute of 
Chemical Biology, Calcutta 700 032 
Area: Structure and functions of biomem¬ 
branes, designing and testing of targeted 
delivery systems and host-parasite interac¬ 
tions. 


Rajani, A. Bhisey 

Carcinogenesis Division, Cancer Research 
Institute, Bombay 

Area: Environmental carcinogenesis, popu¬ 
lation monitoring for genotoxic hazards and 
electron microscopy. 



Vijay Chandru 

Department of Computer Science and 
Automation, Indian Institute of Science, 
Bangalore 

Area: Combinatorial optimization, computa¬ 
tional logic and computational geometry. 


S. V. Gangal 

Centre for Biochemical Technology, Delhi 
Area: Allergy, immunology and aerobio¬ 
logy. 


B. N. Goswami 

Centre for Atmospheric Sciences, Indian 
Institute of Science, Bangalore 
Area: Tropical meteorology, monsoon dy¬ 
namics and predictability of weather and 
climate. 
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M. K. Gurjar 

Indian Institute of Chemical Technology, 
Hyderabad 

Area; Organic chemistry, carbohydrate 
chemistry and synthetic organic chemistry. 




D. V. Khakhar 

Department of Chemical Engineering, Indian 
Institute of Technology, Bombay 
Area: Polymer reactions, polyurethane foams 
and powder mixing. 



S. K. Pal 

Machine Intelligence Unit, Indian Statistical 
Institute, Calcutta 

Area: Pattern recognition and image process¬ 
ing, fuzzy logic and uncertainty analysis, 
neural networks, and genetic algorithms. 




Atul Gurtu 

Experimental High Energy Physics Group, 
Tata Institute of Fundamental Research, 
Bombay 

Area; Experimental high energy physics. 



A. M. Jayannavar 
Institute of Physics, Bhubaneswar 
Area: Condensed matter physics, stochastic 
processes and their applications to physical 
problems and classical and quantum trans¬ 
port problems in random media and physics 
of mesoscopic systems. 



A. S. Joshipura 

Theory Group, Physical Research Labora¬ 
tory, Ahmedabad 

Area: Theoretical high energy physics. 


M. G. Kulkarni 

Chemical Engineering Division, National 

Chemical Laboratory, Pune 

Area: Polymer science and engineering. 



Pradeep Mathur 

Department of Chemistry, Indian Institute of 
Technology, Bombay 

Area: Organometallic chemistry and cluster 
chemistry 



Sourav Pal 

Physical Chemistry Division, National 
Chemical Laboratory, Pune 
Area: Electronic structure theory and ab 
initio quantum chemistry. 


Rahul Pandit 

Department of Physics, Indian Institute of 
Science, Bangalore 

Area: Statistical mechanics of phase transi¬ 
tions, condensed-matter theory and spatio- 
temporal chaos and turbulence. 



S. S. Rai 

National Geophysical Research Institute, 
Hyderabad 

Area: Geophysical exploration, seismology 
and tectonics. 



R. Raman 

Department of Zoology, Banaras Hindu 
University, Varanasi 

Area: Molecular cytogenetics, gene expres¬ 
sion and chromatin organization in devel¬ 
opment and determination of sex. 
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Sriram Ramaswamy 

Department of Physics, Indian Institute of 
Science, Bangalore 

Area: Condensed matter theory, statistical 
mechanics and complex fluids. 




Siddhartha Roy 

Department of Biophysics, Bose Institute, 
Calcutta 

Area: Structural biology, protein-nucleic 
acid interaction and NMR spectroscopy. 


S. Yashonath 

Solid state and Structural Chemistry Unit, 
Indian Institute of Science, Bangalore 
Area: Physical chemistry, computational 
chemistry and intermolecular forces. 


P. B. Rao 

National MST Radar Facility, S. V. Uni¬ 
versity P. O., Tirupati 

Area: Space physics, radiowave propagation 
and radar systems. 


Edited and published by Prof. P. Balaram and Prof. S. Ramaseshan, Current Science Association, Bangalore 560 080. 
Typeset by WINTECS TYPESETTERS (3327311), Bangalore 560 021, Printed at Printek Printers, Bangalore (3357763). 
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH 
National Centre of the Government of India 
for Nuclear Science and Mathematics 

Homi Bhabha Road, Bombay 400 005 
Application for post-doctoral positions in Molecular Biology 

We are looking for applicants for post-doctoral positions in the following areas: 

1. Development and differentiation of plants 

2. Developmental genetics of Drosophila 

3. Cell biology of the synapse 

4. Mechanisms of recombination 

5. Genetic and molecular studies of glycolysis in yeasts 

6. Molecular parasitology 

Applicants who have completed or who are in the final stages of their doctoral studies are 
eligible to apply. We will also consider applications from candidates from other areas of 
science who are desirous of changing their field of study to modern biology. Please supply 
a complete curriculum vitae with the names of four referees who can be asked to write 
about you. Deadline for completed applications for the next selection is in June 1996. 
Information about research areas in the group can be obtained by writing to the Molecular 
Biology Office, TIFR, Homi Bhabha Road, Bombay 400 005 or through electronic 
mail:molbio@tifrvax.tifr.res.in. Applications should be addressed to Chairman, Molecular 
Biology Unit, TIFR. 
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NATIONAL INSTITUTE OF IMMUNOLOGY 
ARUNA ASAF ALI MARG 
NEW DELH1110 067 

The National Institute of immunology, an autonomous research Institute under the 
administrative control of Department of Biotechnology, Ministry of Science & Technology, 
Govt, of India is desirous of engaging on contract the following staff against sponsored 
projects. 

PROJECT ASSOCIATES - 2 posts 

Rs 4400/- min. of the range; Rs 6400/- max. of the range 

QUALIFICATIONS 

Post 1: 1st class M Sc in Organic Chemistry with minimum of two years relevant 
experience in Chemistry, isolation, structure and synthesis of organic compounds or Ph D 
in Organic Chemistry. 

Post 2: 1st class M Sc in Organic Chemistry with a minimum of two years relevant 
experience in bio-organic/synthetic chemistry of Ph D in Organic Chemistry with 
specialization on synthesis and or bio-organic research. 

Candidates who have submitted their thesis may apply. 

JOB REQUIREMENTS/EXPERIENCE 

Post 1: To conduct research on chemistry of immunomodulatory compounds including their 
isolation, structure and chemical transformation. Candidates with experience in application 
of high resolution NMR and MS spectroscopic methods, and chromatographic methods will 
be given preference. 

Post 2: To participate in research on chemical/enzymatic synthesis of labelled compounds 
and biosynthesis of parasitic molecules. Candidate with expertise and aptitude for modern 
synthetic methods and NMR will be given preference. 

The Project Associates will be paid consolidated emoluments in the range indicated above, 
depending on the qualifications, experience and suitability. No allowances, perks are 
payable over and above the consolidated emoluments. 

NOTE 

1) Ph D/M Sc candidates who have qualified national qualifying examinations NET/ 
GATE/CSIR will be given preference. 

2) M Sc candidates, if selected, will not be eligible for registration for Ph D of the Institute 
or any other University/Institute of higher learning. They can, however, compete for 
admission to Nil Ph D programme on open basis and, if selected, will have to resign from 
their present post. 
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3) The candidate will be on contract for one year at a time. At the end of each year the 
emoluments may be suitably enhanced after review. 

4) Leave, and other terms and conditions of the contract will be applicable as per rules 
relating to the Project Staff of the Institute. No Hostel/housing facility is available with the 
Institute at the moment. 

5) Number of posts may vary and shall be need-based. Advertisement is no commitment. 

6) Canvassing in any form will be a disqualification. 

Application on a plain paper giving details of qualifications/experience along with attested 
copies of certificates, curriculum vitae with names and three referees and a bank draft for 
Rs 15/- in favour of the Director of the Institute may be sent to the Manager (A & E) within 
15 days of publication of this advertisement. SC/ST candidates are exempted from 
payment of application fee. However such candidates may clearly specify the category they 
belong to. Out-station candidates called for interview shall be paid single second class rail 
fare to and fro by shortest route on production of the proof of the same. 

LATE AND INCOMPLETE APPLICATIONS WILL NOT BE CONSIDERED 
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INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C. V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and further; that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
first assessed by a Reviewing Editor. Papers found unsuitable in 
terms of the overall requirements of the journal will be returned 
to the authors. The others will be sent for detailed review. Both 
solicited and unsolicited material will be reviewed. Authors of 
these papers will be notified of acceptance, rejection, or need for 
revision of the paper. Returned papers cannot be resubmitted. 
Illustrations and other material to be reproduced from other pub¬ 
lications must be properly credited; it is the authors’ responsibility 
to obtain permission for reproduction (copies of letters of permission 
should be sent). 

CATEGORIES OF MANUSCRIPT 

General articles (not exceeding 5000 words) discuss current trends 
in research in a field that will be of interest to readers outside 
the field; interdisciplinary topics: science policy and administration; 
or some aspect of the application of science and technology to 
human needs or the impact of science and technology on 
society/ecosystems/life. They should include a summary not exceed¬ 
ing 100 words, introductory paragraph(s), brief subheads at appro¬ 
priate places to point to what follows, illustrations that will help 
a general reader, 'and references. 

Review articles (not exceeding 5000 words) are expected to survey 
and discuss recent developments in a field. They should be well 
focused and organized, and avoid a general, ‘textbook’ style. 
Research articles (not exceeding 4000 words) should report research 
results of fairly major significance. They should include an abstract 
not exceeding 100 words, introductory paragraph(s), and brief 
subheads. 

Research communications (not exceeding 2000 words) should 
contain important findings that are novel and of fairly broad 
interest. They should include a brief abstract and an introductory 
paragraph. Text should not be broken up under subheads. 
Correspondence includes letters, not exceeding 500 words, that 
are of general interest to scientists. All letters cannot be published. 
Scientific correspondence contains technical comments, including 
those on articles or communications published in Current Science 
within the previous six months. Letters may be reviewed and edited. 
Research news articles are intended to inform nonspecialists about 
recently published advances or important findings discussed at a 
meeting. Authors should also send a copy of the paper(s) on which 
the article is based. Meeting reports should avoid merely listing 
brief accounts of topics discussed, and must convey to readers the 
significance of an important advance. 

Research accounts articles are intended to be personalized reviews 
of research from the authors’ own laboratory, based on a body 
of published work. The articles must provide appropriate background 
to the area in a concise introduction, which should also serve to 
place the author’s work in proper perspective. Articles will normally 


not exceed 8 to 10 printed pages. 

Opinion articles present views on issues related to science and 
scientific activity. Commentary articles should contain expository 
notes on issues related to science and scientific activity. 

Book reviews. Unsolicited reviews will also be considered. Reviews 
that merely ‘list’ brief descriptions of the contents cannot be 
published. Reviews should have ‘context’ and convey some infor¬ 
mation about the subject of the book. 

Historical commentary and notes inform readers about interesting 
aspects of personalities or institutions of science or about watershed 
events in the history/development of science; most are expected 
to relate to India. Illustrations are welcome. Brief items will also 
be considered. 

MANUSCRIPT PREPARATION 

Manuscripts should be typed double-spaced on one side of white 
bond paper (21x28 cm). The pages should be numbered con¬ 
secutively, starting with the title page and through the text, reference 
list, tables and figure legends. The title should be brief, specific 
and amenable to indexing. Not more than five keywords should 
be indicated separately; these should be chosen carefully and must 
not be phrases of several words. Summary and abstract should 
not have more than 100 words and should convey the main point 
of the paper, outline the results and conclusions, and explain the 
significance of the results. 

Text. All papers should have a brief introduction. The text should 
be intelligible to readers in different disciplines and technical terms 
should be defined. Tables and figures should be referred to in 
numerical order. All symbols and abbreviations must be defined, 
and used only when absolutely necessary. Superscripts and subscripts 
and ambiguous characters should be clearly indicated. Units of 
measure should be metric or, preferably, SI. Methods should, as 
far as possible, be described briefly in appropriate table and figure 
legends. 

Figures. In the case of line drawings one set of originals (without 
any lettering) is sufficient, with two copies containing lettering. 
In the case of photographs good prints are required with each 
copy of the manuscript; photocopies are not acceptable. Line 
drawings should be roughly twice the final printed size. The correct 
orientation should be indicated if not clear. 

Photomicrographs and other photographs that require it must have 
a scale bar, which should be defined clearly in the legend. Primary 
data should be submitted as far as possible (e.g. actual photographs 
of electrophoretic gels rather than idealized diagrams). 

References should be numbered in the order in which they appear, 
first through the text and then through table and figure legends. 
The following are examples of ways of writing references. 

1. Mukundan, T. and Kishore, K., Curr. Sci. , 1991, 60, 355-362. 

2. Constantine, G., in Biology of Bats (ed. Wimsatt, W. A.), 
Academic Press, New York, 1970, vol. 1, pp. 319-322. 
Acknowledgements should be brief. Footnotes are not allowed 
except to identify the corresponding author if not the first. 

Cover photographs. Good photographs (colour or black and white) 
that pertain to a submitted paper will be considered for use on 
the cover. Good prints and a legend should be submitted with the 
manuscript. In the case of a colour picture, a transparency will 
be required for printing if accepted. 

PROOFS AND PUBLICATION 

Two sets of galley proofs are sent to the corresponding author. 
A reprint order form accompanies the proofs. 
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In this issue 


IRS-1C 

Current Science planned to bring out 
a special section on IRS-1C, to coin¬ 
cide approximately with the launch 
of PSLV-D3/IRS-P3. The IRS-1C 
satellite itself is remarkable, because 
of the unique combination of pay 
loads and its other capabilities. It is 
considered by all - inside and outside 
India-as perhaps the best civilian 
remote sensing satellite launched by 
any space-faring nation. Because of 
these and many other reasons, there 
seems to be much interest in IRS-1C 
data in the international arena. We 
understand that EOSAT Co of USA 
under an agreement with ISRO will 
be marketing the data to the inter¬ 
national community. 

The special section has 22 papers 
with about 70 colour photographs 
and more than 110 authors participat¬ 
ing. It begins with an introductory 
article, which gives an overview of 
the Indian remote sensing programme 
and the IRS-1C mission. This is fol¬ 
lowed by four articles that describe 
the salient features of the spacecraft, 
its imaging sensors, the mission 
operations, and the manner in which 
the spacecraft is controlled and 
operated on a routine basis. The data 
acquisition, the processing and the 
dissemination aspects are described 
in the next three papers. These are 
followed by a dozen papers that nar¬ 
rate the application potential of IRS- 
1C. Various facets of natural resource 
management based on the prelimi¬ 
nary results of data analysis are dealt 
with. There are two articles that ex¬ 
plain the marketing and other com¬ 
mercial aspects. The last one presents 
the future earth observation scenario 
and gives some details of missions 
planned by ISRO towards ensuring 
the availability of necessary data for 
the effective management of India s 
natural resources. 

The deadline gave only six weeks 
time to all concerned. It imposed 


considerable pressure on authors; the publish this special section at the 

remote sensing community was earliest possible time to provide a 

greatly pushed for time for complet- glimpse of the uniqueness of this 

ing the scientific analysis and also satellite as also its application pos- 

for preparing the manuscripts. We sibilities. We would like to place on 

shall not deal with the problems faced record the cooperation and courtesy 

of completing all editorial require- we received from ISRO and its staff, 

ments, including the printing of the and the hard work put in by our 

manuscripts and the large number of own staff. All these made possible 

colour photographs. Even so it was the bringing out of this issue, 

felt both by Current Science and 

ISRO that it is of importance to S. Ramaseshan 



Current Science on behalf of the scientific community it represents, con- 
aratulates the ISRO family and the scientific and industrial fraternities that 
were involved in the successful launching on 21 March 1996 of India s Polar 
Satellite Launch Vehicle (PSLV-D3) and the putting into orbit of the■ sateUrte 
IRS-P3. Most of India saw on TV the magnificent take off by this 283-tonne, 
44-metre vehicle. It was heart warming to see the jubilation amongst he 
scientists at SHAR which in a sense reflected the feelings of the entire nation. 
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10 April 1996 


EDITORIAL 


Popularizing science 


Every year, National Science Day is celebrated on 
February 28, marking the anniversary of the announce¬ 
ment of the discovery of the Raman effect in 1928. 
Customarily, public lectures are held all over the country 
on scientific topics, ostensibly with the aim of promoting 
a greater awareness of science amongst the general 
public. Indeed, in recent times, popularization of science 
has burgeoned into a flourishing (although heavily sub¬ 
sidized) industry. The science departments of the central 
government and the Science Academies vie with one 
another in promoting new schemes for the wide dis¬ 
semination of science; some of which have proved 
reasonably popular. The state governments are not far 
behind. Fledgling state academies and state awards for 
popularization abound everywhere. The ever ubiquitous 
committees have sprouted all over; although generally 
moribund, these groups surface every year in February. 
Towards whom is this popularization fervour directed? 
The answers vary. To one school of thought, the targets 
of these popularization drives are the lay public, young 
and old in a continuing effort to spread ‘scientific temper’ 
(a phrase immortalized by Jawaharlal Nehru), amongst 
a populace beset by ancient traditions and superstitions. 
These drives, largely restricted to urban centres, have 
had a limited general impact. To a second school, the 
targets of popularization are entirely different. This group 
believes that diminishing interest in science as a career 
is resulting in a drying up of talent entering institutions 
of higher education. Postgraduate courses in the univer¬ 
sities and PhD programmes at our most prestigious 
institutions appear to have difficulty in maintaining even 


minimum standards for entry, with serious consequences 
for our research enterprise. The appropriate targets of 
science promotion drives according to this alternative 
school of thought would be high school and college 
students, in an attempt to stem the flow away from 
science courses. 

Should there not be a third target - politicians, bureau¬ 
crats and industrialists who need to be enlisted in the 
cause of developing science in India into a flourishing 
and useful activity? The last few years have seen frozen 
budgets for scientific institutions, diminishing support 
for research projects in what appears to be a concerted 
move to divest government of its responsibility towards 
higher education in science and basic research. Ironically, 
this year Science Day coincided with the presentation 
of the budget (albeit interim) in Parliament. Who will 
lobby for the cause £>f science in India, wherever it 
matters? Should not the Academies and scientific societies 
focus on the deteriorating infrastructure for the practice 
of science and its dissemination? The infrequency of 
notable Indian contributions to world science, the failure 
of many large projects' to deliver tangible results and 
the absence of credible peer review within the scientific 
community have undoubtedly influenced public percep¬ 
tion. Reducing support for science will hardly solve the 
problems that we face. There is no doubt that science 
needs popularization. Unfortunately there seem to be a 
multiplicity of targets, while both gunners and ammunition 
appear limited. 

P. B alar am 
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CORRESPONDENCE 


Nurturing young scientists: Role of Department of 
Science & Technology 


This is in response to the comments of 
Umesh R. Desai ( Curr. Sci. 1995, 69, 
893-894). Until the beginning of the sixth 
five-year plan, there was no specific 
programme to cater to the requirements 
of the young scientists who constitute a 
sizable population of our scientific com¬ 
munity. The scheme ‘Promotion of scien¬ 
tific interest in youth’ was launched in 
1981 by the Department of Science & 
Technology to provide opportunities to 
young scientists for: 

— pursuing exciting and innovative 
research ideas through independent 
research projects 

“ interaction and exchange of ideas with 
the scientific community at national 
and international level 

- involvement in national S&T develop¬ 
ment process. 

As Desai has mainly discussed R&D 
projects, we would confine our comments 
to this aspect. On the whole, it is felt 
that the programme for young scientists 
has served its purpose well by providing 
R&D project support to young scientists 
at a very crucial stage of their career. 
DST has been fairly efficient in com¬ 
municating decisions on the proposals 
within reasonable time. 

The project proposals are processed 
through the peer review system by inviting 
comments from experts in the area. As 
experts are busy scientists, comments are 
obtained as per their convenience. In most 
cases, the experts are very prompt and 
DST is grateful to them for sparing their 
time and expertise. The projects are then 
placed before an inter-disciplinary 
Management Advisory Committee which 
meets 3 or 4 times a year. The Committee 
may recommend or not recommend a 
project. Projects with clear-cut decisions 
normally take between 2 and '6 months 
from the time of submission to the time 
of communication of decisions to the 
scientist (Figure 1). Projects where refor¬ 
mulation and resubmission or clarification 
is recommended, take a little longer. 

Even after the communication of 
approval to the young scientists, the prin¬ 
cipal investigator faces a number of 
hurdles at his end which he has to cross 
before the project is finally sanctioned 


and money released. These hurdles are 
in the form of: 

- acceptance by the host institute (spe¬ 
cially in case of investigators who are 
not in regular positions in the college/ 
university/institute where they want to 
work). 

- selection of equipment (if any) and 
obtaining of quotations for the same. 

It was found that the above takes 
between 2 and 6 months by the young 
scientists. 

Desai seems to have given considerable 
thought to the problems of young scien¬ 
tists since he has made a number of 
observations which in his opinion will 
help them. Many of his suggestions are 
already being implemented by DST. Our 
comments on some of the points raised 
are as follows: 

- India being a very large countiy with 
many research institutions, universities 
and colleges, there are a number of 
scientists working in different areas of 
scientific specialization and it should 
be a welcome step if specialized agen¬ 
cies initiate programmes for young 


people. It would be restrictive if only 
a single agency is to cater to all their 
needs. Any single agency may find it 
difficult to handle all the projects and 
this may itself lead to increase in 
processing time. 

- It is not possible for young scientists 
to manage their own proposals as has 
been suggested by Desai since science 
management is developing as a spe¬ 
cialized career. However, many young 
scientists participate in the decision¬ 
making process as referees and some 
have been included in expert commit¬ 
tees as well. 

“ The Department follows recommenda¬ 
tions of the referees/committee on 
budgetary requirements of the proposals 
as far as possible. 

- DST has other schemes where projects 
for larger amounts and for longer 
periods are considered. Young investi¬ 
gators can also apply to these schemes 
for financial support. 

- It has now been decided that a second 
project from young scientists may be 
considered after successful completion 
of the first project, provided other 
criteria are fulfilled. 

- Under the young scientists scheme, 
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projects from unemployed young scien¬ 
tists are considered and if approved, 
the young scientist can even draw 
his/her salary from the project funds. 

- The suggestion that young scientists 
be allowed to present their project 
before the review committee is imprac¬ 
tical as the committee has to consider 
a number of projects and other policy 
items. Moreover, the projects are placed 
before the committee along with com¬ 
ments from experts. 

The Department is concerned that the 


processing time for projects from young 
scientists should be reduced as much as 
possible. It is important that quick 
decisions be taken and communicated to 
young scientists, at an early stage of their 
career. This ensures that their enthusiasm 
for taking up research is not lost and 
they do not decide to leave science and 
take up other jobs or leave the country 
altogether. It is our constant endeavour 
to achieve this and decisions on a majority 
of projects are communicated within 3-4 
months. This period appears very 
reasonable particularly when one con¬ 


siders that there are over 500 projects 
from young scientists in different stages 

of consideration/implementation/review at 

any point of time. However, the present 
project-processing procedure is followed 
in order to ensure quality. 

Parveen Farooqui 
B. P. Singh 
T. K. Mandal 

Department of Science & Technology, 
New Mehrauli Road, 

New Delhi 110 016, India 


Coping with liberalization 


I am rather concerned about the tone of 
your editorial ‘Coping with liberalization’ 

(. Curr . ScL, 1996, 70, 5-6). Are there 
pressures building on you not to voice 
such open debates on issues which to 
my mind demonstrate a scientific attitude 
towards Indian science? After being a 
common scientist for several years, I 
worked as a science administrator for 
about two decades during a period when 
Indian science was getting organized. In 
this process of getting organized, several 
scientists had become science planners 
and science administrators and had com¬ 
mitted themselves to the new role of 
promoting science and technology for 
national development. There were many 
amongst us who fought for the cause of 
science and made a case to the Govern¬ 
ment for enhancing support to this acti¬ 
vity. In this process there were several 
critical reviews carried out by strengthen¬ 
ing our peer review system, monitoring 
mechanisms introduced asking for 
accountability from scientists who had 
been given funds for specific projects 
and programs. No doubt even at that time 
questions were being asked of us science 
administrators as to whether we had the 
experience to take such decisions and 
whether such reviewing activities should 
not be left to active scientists alone. I 
believe that organizations like the Depart¬ 
ment of Science and Technology play a 
very important role in giving a sense of 
objectivity to the process of funding 


science. In all these efforts openness, 
transparency, and to a certain extent 
accountability, were always highlighted. 

In my view this approach of DST did 
help in bringing back the credibility of 
scientific activity in the country. I would, 
therefore, urge Current Science to con¬ 
tinue this objective quest for the current 
status of science in India. 

I have always admired the new direction 
that Current Science has taken and not 
having an easy access to Nature , I have 
always looked at Current Science to edu¬ 
cate myself on various issues of national 
concern involving science and technology 
in the country. If Nature can voice such 
policy debates simultaneously with 
publishing new results of interest to the 
scientific community, I wonder why Cur¬ 
rent Science cannot debate issues on the 
current status of science in India. Has 
the world scientific community criticized 
Nature for digressing from its appeal to 
working scientists? Are there not enough 
heads of scientific institutions and agen¬ 
cies who have not only to support science 
in their institutions but also to seek funds 
to justify their activities to Government 
and public at large? In my view the 
objective debates currently going on in 
your journal without personal vendetta 
would definitely help in educating our 
scientists and science administrators about 
the true status of science in India. I hope 
you will continue to air such views in 
your editorials and also publish selected 


articles relating to new research findings, 
review articles and book reviews. 

P. J. Lavakare 


United States Educational Foundation 
in India, 

Fulbright House, 12 Hailey Road, 
New Delhi 110 001, India 


Your editorial ‘Coping with liberalization’ 
made very interesting reading. Whenever 
I happen to read about ‘Indian science 
I find it difficult to think of ‘Science’ 
as something divided on the basis of 
national, and regional boundaries. In that 
case, there should be a ‘Pakistani science’, 
a ‘Bangla Deshi science’, a ‘Sri Lankan 
science’, and also possibly a ‘Maldivian 
science’. Further within India there 
should be a ‘Kannada science’, a ‘Telugu 
science’ and a ‘Maharashtrian science’. I 
think ‘Science’ is universal and is a truth¬ 
ful search for more knowledge, irrespec¬ 
tive of space and time. The correct 
reference would be ‘Science in India’. 

Only the practice and management of 
science changes from place to place, and 
from time to time. The criticisms which 
appear in the ‘problem sections’ of Cur¬ 
rent Science are on the practice and 
management of science, and not on 
‘Science’ per se. In the West, science 
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policies are criticized more sharply, for 
long. And that has definitely not damaged 
‘Science’ there. Not only that, it has 
helped in charting more rational and 
meaningful directions. 

I congratulate Current Science for the 
courageous step taken. In my opinion 


this should have happened at least a 
decade ago. The open expression of 
opinions and resentment has resulted in 
a very realistic understanding that ‘All 
is not well with Science in India’. I think 
this better understanding of reality is 
worth the effort. In concluding I would 


like to say, ‘We want more of this 
liberalization, and definitely not less.’ 

S. John 

Shibu Nivas, Sagar Park , 

S. No. 46/9, Nagar Road, 

Pune 411 004, India 


Digital library services from public to private sector undertakings 


People take special efforts to leave their 
work and walk to the library. Using a 
computer, books and periodicals can be 
brought to the place of work by converting 
them from print to digital version. Having 
a digital library at the place of work can 
increase productivity. CD-ROM techno¬ 
logy had made data retrieval much easier. 
It is possible to isolate the precise infor¬ 
mation from these discs and transmit it 
through e-mail from the available networks. 

National Informatics Centre (NIC), 
Delhi, offers a service of providing MED¬ 
LARS and patents data. For the past one 
year I have been interacting with people 
at NIC via e-mail. Recently, I have opened 
a deposit account with Central Drug 
Research Institute (CDRI), Lucknow, for 
a similar service through e-mail. CDRI 
offers EMBASE, BIOSIS, biotechnology, 
chemical and pharmaceutical abstracts. 

To both these organizations I send a 
key word-at the generic level-search 
request via e-mail. For example, my 
e-mail message would typically request 
like ‘Please send references on aspirin, 
human, English, from 1993 to 1996’. To 
the person who reads this at the other 
end, it would mean that I require all 
references on aspirin, on studies con¬ 
ducted on humans, published in English 
language, and between the period from 
1993 to present date. The CD-ROM search 
is conducted and the results are e-mailed 
back to me in 48 hours. Thus I would 
get all published literature on aspirin for 
that period, which satisfies my quantita¬ 
tive dimension of information on aspirin. 
The objective is to create a comprehensive 
science & technology (S&T) information 
resource for my organization in terms of 
quantity, quality and time. 


To meet the qualitative dimension, I 
add value to the whole data of that 
particular medicine by way of (a) high¬ 
lighting, (b) provide codes to each ref¬ 
erence — which will be easy for future 
retrieval, (c) create word index of the 
whole document, (d) print, bind, and stack 
the information by medicine- or 
productwise in the library as a reference 
volume. People - some elder professionals 
and managers-who are not very com¬ 
fortable with the handling of personal 
computers find referring to these books 
familiar as any other book in the library. 
In my organization these bound books 
are popular as GIST volumes (GIST is 
a word coined by me to mean Global 
Information Science & Technology). 

On the time dimension the whole 
process is relatively fast; it is standardized 
and takes 7 to 10 working days to produce 
a volume. The corresponding version of 
the GIST volume is available on the 
Local Area Network (LAN) environment 
in about three days at our corporate office. 
For those who prefer searching data on 
the computer, they use WordStar package 
available on LAN. 

In addition to NIC & CDRI, people at 
National Centre for Software Technology 
(NCST) who have created BOmbay 
Library NETwork (BONET) and Educa¬ 
tion & Research NETwork (ERNET) have 
been ready with advise, whenever I had 
impending data transmission problems. 

Similar to NIC and CDRI, other govern¬ 
ment-aided bodies - where e-mail is readily 
available - could consider negotiating 
with other database producers in the basic 
subject areas like agriculture, electronics, 
engineering, physics, textile, etc. 

More important, the initiative and 


publicity taken by public sector under¬ 
takings can commence a chain of activity 
like (a) replenish information to S&T in 
their subject areas of specialization and 
its outcome when they absorb the new 
developments and implement in their 
work, (b) create new jobs to young 
graduates with their available skills and 
intelligence, to process the data, (c) infor¬ 
mation brokers, (d) translators, (e) con¬ 
sultant who can effectively act on it, (f) 
data base producer, (g) the general growth 
of S&T information industry at large. 
Like other commodities in the consumer 
market, there will be producers, 
wholesalers, retailers and consumers who 
can play their respective roles for the 
development of Indian S&T. 

National Information System for 
Science and Technology (NISSAT)’s 
efforts in organizing information user- 
supplier meetings is laudable. These meet¬ 
ings facilitate better empathy and 
cooperation and promote flow of infor¬ 
mation between the information-rich and 
the information-undernourished organiza¬ 
tions. 

Information should be treated as an 
important factor for individual and orga¬ 
nizational productivity. Till recently we 
did not have a viable and cost-effective 
system to regularly procure such desired 
S&T information at our work place. 


C. N. Raghu 


Wockhardt Limited, 

Poonam Chambers, Shiv sagar Estate, 
Dr Annie Besant Road, Worli, 
Bombay 400 018, India 
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A tale of two eras: Notes on Himalayan geology 


Rasoul B. Sorkhabi 

The past two decades have witnessed an 
unprecedented interest among interna¬ 
tional geological community in the 
Himalayas. This is partly due to the 
emergence of the plate tectonic theory 
that has recognized the Himalaya as a 
type example of continent-to-continent 
collisional orogen, and partly because 
foreign geologists are now allowed to 
visit many sectors of the once Forbidden 
Lands of the Himalaya, the Karakoram, 
and Tibet. 

India opened Ladakh to the outsiders 
in 1974. This ushered in many studies 
of the Indus-Tsangpo Suture Zone, which 
represents the initial plate boundary 
between India and Asia. The Chinese 
opened Tibet in 1979, and the Academia 
Sinica organized the Symposium on Qinhai- 
Xizang (Tibet) Plateau in Beijing in 1980. 
Since then, collaborative projects have 
been carried out by Chinese, French, 
British and American scientists, and their 
results have been published in several 
issues of Nature. In 1980, the International 
Karakoram Project was organized by the 
Royal Geographical Society in the Hunza 
Valley of Pakistan. Since the Karakoram 
Highway was opened to tourists in 1986, 
many geologists have conducted research 
in the Pakistan Himalaya and the 
Karakoram. Since 1985, a series of inter¬ 
national Himalaya-Karakoram-Tibet work¬ 
shops have been held in Europe 1 . 

Despite these modem ventures, 
Himalayan geology is not a new field of 
study. It dates back to the first half of 
the 19th century, when the British began 
to explore the Indian subcontinent. The 
Trigonometric Survey of India com¬ 
menced in 1800, and the East India Com¬ 
pany employed geologists for mapping 
and expeditions. There were also in¬ 
dividual naturalists who explored the 
mountains of south-central Asia. 
Himalayan geology is not a foreign 
monopoly, either. Over the past four 
decades, much work has been done by 
native geologists in the Himalayan 
countries. Unfortunately, in the present 
boom of internationalized Himalayan 
geology, adequate attention is not given 
to the classical works or native contribu¬ 
tions. 

In this article I communicate some of 


my impressions and notes during a trip 
to north India in October-November 1995 
to attend two Himalayan geology meetings 
and field excursions, and to visit New 
Delhi, Roorkee, Dehra Dun and Calcutta, 
which are among the important centres 
of geological research in the country. 
Through these meetings, conferences and 
tours, I briefly analyse several significant 
issues in Himalayan geology, both as a 
science and as a scientific activity. 

A passage to Calcutta 

A trip to Calcutta is also a trip through 
the history of modem geoscience in Asia. 
Calcutta, which was the capital of British 
India from 1833 to 1912, mirrors the 
development of the British Empire and 
her Utilitarian Sciences in the 19th cen¬ 
tury, of which geology held a top posi¬ 
tion 2 . 

Moorhouse 3 has observed that ‘almost 
everything popularly associated with Cal¬ 
cutta is highly unpleasant and sometimes 
very nasty indeed’. Dominique Lapierre’s 
The City of Joy (1985) is typical of this 
one-sided image about Calcutta: over¬ 
population, refugees, slums, poverty, dis¬ 
ease and pollution. However, Calcutta is 
a major intellectual centre in Asia and 
houses many historical monuments, most 
of which are of interest to geologists; 
e.g. the Asiatic Society of Bengal, 
founded in 1784 by Sir William Jones 
as a research centre for Indology; the 
Indian Museum (1814), displaying one 
of the largest collection in Asia; the 
Presidency College (1817), the first 
European college in India, where also 
geology was first taught; the Geological 
Survey of India (1851), one of the World’s 
oldest national geological surveys; and 
the University of Calcutta (1857), India’s 
first university. 

The Geological Survey of India (GSI) 
was initially set up for two main purposes: 
Firstly, mapping and survey work. During 
the 19th century, Russia, China and 
Britain were trying to gain control over 
the strategic lands of the High Asia, and 
the major tools of this Great Game (so- 
called by Rudyard Kipling) were explora¬ 
tion and expansion of geopolitical 
frontiers. 


Secondly, finding mineral resources, 
especially coal that was needed for the 
development of the great Indian railway 
system. Indeed, the very idea for the 
establishment of the GSI came from the 
Coal Committee of Bengal in 1841, when 
the Committee approached Charles Lyell 
and Roderick Murchison, leading 
geologists of Britain, to persuade the East 
India Company set up a permanent profes¬ 
sional survey to develop India’s coal 
resources 2 . 

Geoscience in India, however, proved 
to be more than simply utilitarian. Studies 
in the Indian peninsula and the Himalaya 
contributed some of the most fundamental 
concepts in physical and historical geo¬ 
logy. For example, although Henry 
Medlicotf s study of what he called 
‘Gondwana System’ in Satpura in 1872 
was meant to explore the coal seams, his 
observations led to the discovery of the 
former supercontinent Gond wan aland 
when similar sedimentary formations and 
fossil flora were found in Africa, 
Madagascar and Australia. Another 
textbook example is the theory of isostacy 
(although the term ‘isostacy’ was coined 
by Charles Dutton in 1893), which was 
formulated in two different (but com¬ 
plementary) ways by George Airy, 
Astronomer Royal of England, and John 
Pratt, Archdeacon of Calcutta, in 1855 
based on the results of the Great 
Trigonometric Survey of India led by 
George Everest. 

Thomas Oldham, once a professor of 
geology in Dublin, was the first Super¬ 
intendent of the GSI. From Oldham to 
the last British Director of the GSI, W. D. 
West 4 (who died in 1994), there is a 
time span of one century. During this 
time, the GSI served as a hub for geologi¬ 
cal exploration in south-central Asia and 
produced some of the finest geological 
research published in its Memoirs and 
Records. Unfortunately it seems that these 
classical publications, which constitute the 
foundation of our geological knowledge 
of. a vast region of the planet, are not 
preserved by modern technologies (e.g. 
microfiches and computer storage sys¬ 
tems). Old copies are fragile and decay 
over time. They need to be reprinted, 
which can also make these valuable pub- 
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lications readily available to thousands 
of Himalayan geologists both in the 
Himalayan countries and around the 
world. 

Geological events that have produced 
the Himalaya are not confined to the 
mountains. More than 500 million people 
(10 per cent of world population) living 
in Pakistan through north India to 
Bangladesh depend on the fertile soil and 
fresh water resources supplied by the 
Himalaya. As I was traveling from Cal¬ 
cutta to New Delhi, I thought of how 
the Himalaya have risen higher partly 
because the depositional basins of Indus- 
Ganga-Brahmaputra have become deeper 
(due to flexural isostacy). An integrated 
Himalayan geology should consider both 
these provinces as a unified dynamic 
system not only geophysically but also 
socio-environmentally, and try to offer 
solutions to some of the environmental 
problems (from hydropower dams to 
deforestation and soil erosion) arising 
from the interactions between highland 
and lowland communities. The Himalayan 
region constitutes a natural laboratory not 
only for continental tectonics but also for 
environmental geology 5 . 

Restless abode of Gods 

From New Delhi to Roorkee is only a 
four-hour drive. It is, however, a great 
jump in geological time from the 
Proterozoic rocks of the Indian shield to 
late Cenozoic sediments shed from the 
rising Himalaya. 

Roorkee is little known to foreign 
visitors. My travel guidebook, Fodor’s 
India (1993), does not even mention it. 
The town has, however, significance for 
geologists. The University of Roorkee, 
which houses one of the most prestigious 
geology departments in the country, was 
established as Thomson College in 1847. 
(It was given a university status in 1949). 
Henry Medlicott taught geology at 
Roorkee in 1854. An interesting site in 
Roorkee is the Ganga Canal, engineered 
by Captain Proby Cautley in the 1830s 
in order to get water out of Ganga into 
a vast area in the present Uttar Pradesh, 
which often suffered from famine. It was 
during the construction of the Ganga 
Canal in the Hardwar hills that vertebrate 
fossils in the Siwalik sandstones were 
first discovered. (They were called the 
Siwalik Group after the hills dedicated 
to Lord Shiva.) These fossils were studied 


by the palaeontologist Hugh Falconer, 
who ascribed a Miocene age for them. 
This was the first and still a most reliable 
evidence for the uplift age of the 
Himalaya. 

The Group Meeting on Seismotectonics 
and Geodynamics of the Himalaya was 
held at the Department of Earth Sciences 
in Roorkee from 12 to 14 October 1995. 
It was organized by Dr A. K. Jain and 
sponsored by the Department of Science 
and Technology, New Delhi. It was per¬ 
haps the largest geological conference 
ever held at Roorkee. Over 80 oral presen¬ 
tations were given, out of which selected, 
refereed papers will be published as a 
Memoir of the Geological Society of India. 
The inaugural lecture was given by V. C. 
Thakur, Director of the Wadia Institute 
of Himalayan Geology, Dehra Dun. He 
presented an interesting report of his 
geological observations during the Silk 
Route Expedition to central Asia in 1994. 
Almost all aspects of Himalayan geos¬ 
cience were covered at the Roorkee Meet¬ 
ing: Seismotectonics of Garhwal-Kumaun 
Himalaya; Metamorphism; Gravity and 
Himalayan tectonics; Seismotectonics of 
the Himalaya and adjoining regions; Mag- 
matism; Deformation; Main Central 
Thrust; Tectonics of foreland basins; 
Neotectonics; Intraplate seismicity and 
palaeoseismicity; and Archean-Protero- 
zoic evolution. 

The main focus of the meeting was on 
seismotectonics. The 1991 Uttarkashi 
earthquake and the 1993 Latur earthquake 
have aptly intensified seismotectonic 
studies in the country. (‘Response to crisis 
policy’ is not, however, confined to India.) 
Especially motivating is the idea that a 
seismic gap of 650 years exists in the 
central sectors of the Himalaya 6,7 . The 
Central Gap is a very populous region 
for nearly 800 km long, and if hit by an 
earthquake of M 8 or greater it would be 
very disastrous for the nation. A very 
important result of the Roorkee meeting, 
in my view, was that geologists and 
geophysicists came forward not as his¬ 
torical rivals but as concerned scientists 
to present their data and exchange ideas. 
This is a healthy approach, and needs to 
be encouraged in future conferences. 

The meeting was followed by a five-day 
field excursion to the Bhagirathi Valley 
(upper Ganga) in the Garhwal Himalaya. 
A bus full of geoscientists travelled from 
Roorkee through Uttarkashi in the Lesser 
Himalaya as far north as Gangotri, lying 


in the midst of lofty granite summits in 
the High Himalaya. On the way, we 
visited Tehri, where the Indian govern¬ 
ment is constructing a large hydropower 
dam, despite concerns from some scien¬ 
tists. Tehri lies within the Central Gap, 
The 1991 Uttarkashi earthquake (Ml) 
killed 1000, injured seven times more, 
and caused much destruction. Surprising¬ 
ly, however, it left the nearby Tehri dam 
site undamaged, thus boosting technologi¬ 
cal optimism. The problem of large dams 
is not unique to the Himalaya. However, 
with frequent earthquakes having shallow 
focii (< 25 km) and resulting from all 
kinds of active faults, the issue has been 
magnified in the Himalaya 8 and rightly 
so. One solution that has been suggested 
is the construction of several small dams 
instead of a few large ones. But in the 
end, the issue seems to be more political 
than scientific. 

The Garhwal Himalaya was one of the 
earliest sectors of the Himalaya to be 
explored by geologists in the 19th century. 
Captain Richard Stachey’s work in 1851 
laid foundation for other explorations. 
Garhwal is also where the Main Central 
Thrust (MCT) was first mapped by the 
Swiss geologist Augusto Gansser in 1936. 
The MCT is a large intracontinental rup¬ 
ture bringing the metamorphic core of 
the High Himalaya over the Proterozoic 
sediments and low-grade metasediments 
of the Lesser Himalaya. This thrust has 
played a major role in shaping the 
Himalaya. However, its tectonic nature 
along the strike of the Himalaya has been 
controversial. These and many other 
issues were discussed in the field trip, 
thanks partly to the inquiring mind of 
R. S. Sharma of Banaras Hindu Univer¬ 
sity. Geological mapping over the past 
two decades has shown that the MCT in 
Garhwal is a duplex structure with two 9 
or three 10 thrust planes, probably joining 
at depth to a main decollement of the 
Indian crust. The upper (roof) thrust, the 
Vaikrita Thrust, has a steeply dipping 
surficial plane and is actually a crush 
zone frequently visited by landslides. The 
lowest thrust, the Munsiari Thrust some 
15 km to the south, juxtaposes rocks of 
low-grade metamorphism and slight inter¬ 
nal deformation, and corresponds to the 
MCT originally mapped by Gansser. 

Extensional tectonics in compressional 
orogens has drawn much attention over 
the past 15 years. In the Himalaya, the 
contact between the High Himalayan crys- 
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talline rocks and its sedimentary cover 
(the Tethys Himalaya) has been mapped 
as a detachment fault and interpreted as 
a gravitational collapse structure coeval 
with the intense activity of the MCT 
during Early Miocene 11,12 . A. K. Jain 
argues that this scenario masks the com¬ 
plexities observed in the Himalaya as 
extensional structures are not confined to 
a single basement-cover detachment but 
are distributed throughout the orogen. In 
Garhwal, we did observe S-C fabrics 
with top-to-south sense of shear in several 
zones of high strain in the Higher 
Himalayan metamorphic rocks. We also 
observed brittle normal faults even in the 
MCT zone. These extensional structures 
have resulted from rapid compressional 
uplift of the orogen. Jain also criticizes 
the gravitational collapse models, which 
estimate some 20 km of displacement 
along the detachment. He argues that 
such large displacements would have 
produced half-grabens parallel to the 
detachment and filled with post-collapse 
deposits (as has happened in the 
Basin-and-Range in Arizona). 

Jain and his colleagues 13 model views 
extensional structures as integral com¬ 
ponents of compressional deformation and 
also offers a new approach toward solving 
the long-standing puzzle of the inverted 
metamorphism in the Himalaya. He and 
his colleagues argue that ductile shear 
displacements along ubiquitous, closely 
spaced S-C shear planes have caused 
inversion of metamorphic isograds across 
a 20-km-thick, south-vergent, Higher 
Himalayan crystalline belt. A main prob¬ 
lem with this model is that the S-C shear 
fabrics are not distributed everywhere 
across the metamorphic pile, but seem to 
be limited to zones of higher strain. How¬ 
ever, if it can be demonstrated by detailed 
mapping that the exposed boundaries of 
metamorphic zones are loci of such 
higher strain, we will be close toward 
solving the Himalayan puzzle, first 
pointed out by Richard Oldham in 
Kumaun in 1883. 

Tethys in focus 

Dehra Dun was the last station in the 
Great Trigonometric Survey of India. 
After the Survey work in Dehra Dun was 
completed in 1841, George Everest could 
retire with satisfaction. If Tsukuba is the 
Science City of Japan, Dehra Dun may 
be called India’s Science City (although 


Bangalore also comes to my mind in this 
regard) as it houses several important 
research institutions, such as the Wadi a 
Institute of Himalayan Geology (WIHG), 
established by D. N. Wadia in 1968. 
Since 1970, WIHG has held conferences 
on the geology of the Himalaya, and 
their proceedings have been published in 
Himalayan Geology volumes. 

The Symposium on the Tethys of the 
Himalaya and Adjoining Regions, held 
at Dehra Dun from 15 to 17 November 
1995, was the eighteenth conference in 
the series. It was organized by A. K. 
Sinha and N. K. Mathur, and inaugurated 
by S. P. Nautiyal, former President of 
WIHG. The symposium was well- 
organized and informative, with 49 oral 
and 29 poster presentations in six sessions: 
Regional tectonics and deformation; 
Palaeontology and stratigraphy; Sedimen- 
tology and basin evolution; Geomorpho¬ 
logy and environment; Geophysical 
aspects; and Magmatism and metamor¬ 
phism. The symposium proceedings will 
be published in a future volume of 
Himalayan Geology. 

Papers covering the theme of Tethys 
in the symposium used it in three contexts. 
It is important to define them precisely. 


and as far as possible, the basal metamor¬ 
phic rocks should be included in the 
Higher Himalayan Crystalline Zone, not 
in the Tethys Himalaya. 

(iii) Tethyan tectonics is concerned 
with the evolution of the orogens spanning 
from the Alps through Turkey and Iran 
to the Himalaya and Tibet. They have 
resulted from the closure of Tethys, drift 
of the continental fragments of 
Gondwanaland and their final collision 
with Eurasia. The Swiss geologist Emile 
Argand first formulated Tethyan tectonics 
in 1922, reconciling Suess’ ideas of 
Tethys and Gondwanaland with Alfred 
Wegener’s hypothesis of continental 
drift 14 . As I discussed at the Symposium, 
over the past 25 years, many of Argand’s 
views have been incorporated into the 
plate tectonic theory with or without ack¬ 
nowledgement. Interestingly, the Sym¬ 
posium on Tethys held in 1995 coincided 
with the 55th anniversary of Argand’s 
death. A major post-Argand development 
has been the discovery of at least two 
Tethyan basins (Paleo-Tethys and Neo- 
Tethys) and buildup of Asia by the accre¬ 
tion of Gondwanaland fragments to 
Siberia over the past 500 million years. 


(i) ‘Tethys Ocean’ as a Mesozoic 
oceanic basin between Gondwanaland and 
Angaraland, was originally proposed by 
the Austrian geologist Eduard Suess in 
1893. This concept stemmed from cor¬ 
relations of Mesozoic marine strata and 
fauna studied independently in the 
Himalaya and in Europe 14 . In the 
Himalaya, field mapping and fossil col¬ 
lections made by Richard Strachey and 
Ferdinand Stoliczka were valuable con¬ 
tributions that led to the concept of 
Tethys. In the past, some geologists (most¬ 
ly those who were ‘fixists’ and opposed 
to the continental drift hypothesis) viewed 
Tethys as only a shallow, narrow epicon¬ 
tinental sea or geo syncline. I am afraid 
such outdated views are still held by 
some Himalayan geologists. 

(ii) Tethys Himalaya is a term coined 
by John Auden 15 in 1937. It was formerly 
known as the Tibetan Himalaya. This 
zone encompasses largely fossiliferous 
sediments from Cambrian through Middle 
Eocene deposited on the passive continen¬ 
tal margin of India, and is now exposed 
between the Indus-Tsangpo Suture Zone 
to the north and the High Himalayan 
crystalline complex to the south. I think 
Auden’s definition should be honoured, 


A tale of two eras 

Himalayan geology began in India, and 
geology in India is a tale of two eras: 
British Raj and Independent India. 
Himalayan geology has now become truly 
international. Native voices are abundant. 
Although only two foreigners attended 
each of the conferences (R. S. Yeats and 
myself in Roorkee, and M. Gaetani and 
myself in Dehra Dun), more than 100 
Indian geologists attended each meeting. 

As discussed above, geological studies 
in India and the Himalaya have con¬ 
tributed some fundamental concepts to 
geology, such as isostacy, Tethys and 
Gondwanaland. These potentials are still 
there. If students of Asian geology try 
to develop concepts derived from their 
own observations and data (rather than 
merely applying the geological interpreta¬ 
tions originated in other continents), 
greater contributions will be made. 

Community organization, professional 
cooperation and flow of information are 
some of the major factors in the progress 
Himalayan geology (or any other scientific 
discipline, for that matter), both at national 
level and global level. India has one of 
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the largest geologist communities in the 
world. Expectations are therefore high. 
Collaboration between universities and re¬ 
search institutions, such as WIHG, can 
solve some of the instrumentation and 
information (journals) problems facing 
universities as well as strengthen human 
resources at research institutions. On a 
global scale, perhaps the time is ripe to 
establish an International Society of 
Himalayan Geoscientists (or whatever 
name it may be given) because the British 
heritage and native developments in 
Himalayan geology are now parts of a 
new era in our science - one that is global. 
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The role and responsibility of a scientist in the Indian context* 

Rajaram Nityananda 


One can try and define the role and 
responsibility of a scientist in many ways. 
The approach here is to try and describe 
the kind of scientific community we 
would like to build up in the Indian 
context. The views that I will be express¬ 
ing are based on my own first-hand ex¬ 
perience and observations as well as 
discussions over the years with friends 
and colleagues. It goes without saying 
that a different person would express 
different views. My own overall perspec¬ 
tive is based on the idea that it is a 
privilege to be involved in scientific re¬ 
search. The feeling that we are being 
supported by others in our efforts to 
answer questions about the universe has 
been expressed in the following words 
with which a world-famous textbook on 
gravitation ( Gravitation by Misner, 


*This is the text of a talk given over All 
India Radio on a subject suggested by them 
in 1991. It was not a response to any single 
event or issue but simply to the challenge of 
collecting thoughts on a subject which, though 
important, one had not considered before in 
a systematic way. 

+ This first hand experience is 25 years old. 


C. W., Thome, K. S. and Wheeler, J. A., 
Freeman-, 1973) begins: 

‘We dedicate this book 
To our fellow citizens 
Who, for love of truth 
Take from their own wants 
By taxes and gifts 
And now and then send forth 
One of themselves’ 

Indeed, every Indian scientist has been 
sent forth on his research career by con¬ 
tributions from people whose own basic 
needs have not been met. This is very 
much like a poor family saving to educate 
one of their members. It is therefore 
natural to ask ourselves what society gets 
in return. Frankly I do not think that the 
direct results of research provide the com¬ 
plete answer. At its best, a community 
of scientists can also act as the custodian 
of information, knowledge, understanding 
and skills all of which have to be 
preserved, improved and passed on to 
posterity. This was dramatically illustrated 
in China some time ago when the entire 
system of learning and research was dis¬ 
mantled in the name of the cultural revolu¬ 
tion. It then had to be painfully built up 


again. One consequence of this role is 
that scientists as a body have to be deeply 
concerned with what happens in schools, 
colleges and universities and must try to 
help, even though there are well-known 
constraints and difficulties. 

Another significant potential role is to 
act as an example of the spirit of healthy 
skepticism, systematic inquiry, and logical 
debate. Perhaps this is what some people 
have called the scientific temper. More 
importantly, in my opinion, scientific 
achievements on our soil contribute to a 
sense of motivation, self-confidence and 
self-reliance that is as important to a 
nation as it is to an individual. We have 
all witnessed this in the world of sport. 
Whenever Kapil Dev or Gavaskar is in 
his heyday every little boy in the street 
with a ball or a bat walks a little taller. 
As a negative example we have our Insti¬ 
tutes of Technology where I have per¬ 
sonally witnessed bright young students 
being brought up in an atmosphere of 
cynicism and self-depreciation concerning 
science or for that matter anything else 
in our country. Little wonder that these 
institutes essentially function as tutorial 
colleges feeding American universities. 1 " 
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Any contribution to society will ulti¬ 
mately be proportional to our effectiveness 
as scientists. One of the crucial facts here 
is the rapid and ever-accelerating pace at 
which new developments are occurring 
in every field. We are used to the idea 
that no-one today wants a radio which 
uses vacuum tubes or a computer reading ' 
punched cards, both of which were quite 
acceptable twenty-five years agp. We 
however, have to concede that a good 
fraction of research activity in the country 
tends to be as out of date as valves or 
cards. It is not merely a lack of funds 
or new equipment. The idea that one has 
to keep renewing one’s scientific base 
has to gain wide acceptance. The days 
when a doctoral degree and a research 
or teaching position meant living happily 
ever after cannot be allowed to continue. 
Most industries put in a lot of effort in 
trying to come up with new products and 
processes. There is a danger that the 
manufacturers of plastic buckets will 
prove to have been more responsive to 
changing times than the scientific com¬ 
munity! Pushing the parallel with industry 
one stage further, it is widely being real¬ 
ized that sick industries have to be diag¬ 
nosed as such and either revitalized or 
closed down with their human and 
material resources redeployed for more 
productive activity. In all honesty, we 
have to admit that there are universities, 
laboratories, and institutes which are 
wholly or partially sick in the same sense 
of having ceased to carry out their func¬ 
tion. The first person who succeeds in 
closing down such a group or institution 
will, in my opinion, deserve as much 
honour as we now accord to the institution 
builders of post-independence India such 
as Homi Bhabha. There was wisdom in 
our forefathers giving equal importance 
to creation, preservation and destruction 
in their pantheon. 

Having stressed that we should keep 
up with the world when necessary, one 
should not forget that we have to be 
different from the rest of the world when 
necessary. As an example, medical re¬ 
search in our country has to have very 
different priorities from that in the western 
world. The same applies to parts of biol¬ 
ogy and geology and to many kinds of 
technology which have to suit local con¬ 
ditions and requirements. Even when the 
topic is the same, the point of view or 
approach do not have to be identical to 


that prevailing elsewhere. It is this kind 
of diversity which will make our con¬ 
tribution to the world’s pool of science 
worthwhile. 

Our science will finally be judged by 
its excellence - by the peaks attained by 
individuals and teams working in our 
country. It is not given to everyone to 
reach such peaks all the time but just as 
in mountaineering, many people have to 
contribute to enable a few to reach the 
top. The leader of the first successful 
Everest expedition never stood on the 
peak himself, and had to make the difficult 
decision of concentrating all the resources 
on a few selected members. The way 
that this can occur in science is rather 
different because the community consists 
of independent and competitive indi¬ 
viduals used to thinking and acting for 
themselves. Yet the system finally has to 
single out some of them. Ideally, this is 
achieved by open competition and fair 
assessment within the community. 

This also implies that individuals have 
to be prepared to assume different roles 
at different times, since yesterday’s best 
is not going to be tomorrow’s. This may 
seem to be an obvious principle but has 
far-reaching implications. The conven¬ 
tional institutional and career structure 
prevailing today assumes that a person s 
abilities steadily increase till the age of 
sixty or even beyond. This was probably 
never true but is going to be even more 
untrue in the years to come. One would 
like to hope that our institutions will 
evolve toward a pattern where a person’s 
role is determined by his current ability 
to carry it out. Lest this seem like a 
brand new concept, let me remind you 
that more than three hundred years ago, 
Isaac Barrow resigned his professorship 
of mathematics in Cambridge at the age 
of thirty-nine to make way for a twenty- 
seven year old successor. Admittedly, it 
was an exceptional case because the suc¬ 
cessor was Isaac Newton. Nevertheless, 
the concept of Vanaprastha — of withdraw¬ 
ing from privileges and power in order 
to look inwards - may not be without 
application in scientific institutions. 

There is one more worid-wide trend 
which is very relevant to making our 
science more effective. Very often, large 
and expensive facilities are needed and 
it is essential that they be well utilized. 
This problem exists everywhere in the 
world but would naturally be even more 
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acute in our country. The astronomers 
world-wide have taken the lead in tackling 
this situation. For example, one of the 
world’s most powerful radio telescopes 
called the Very Large Array is located 
in the United States, but accepts observing 
proposals from all over the world which 
are selected purely on the basis of scien¬ 
tific merit. This system is spreading to 
other areas like large-scale computing. 
Of course, a lot of hard work goes into 
setting up the facility and constantly 
weighing the merits of the large number 
of proposals which come in. A complex 
social system has evolved to cope with 
the problem of assigning credit and reward 
fairly in such a situation. But in the long 
run, science as a whole benefits from 
such a pooling of resources and ideas. 
Our community too will have to make 
the transition from individual empires to 
common and shared facilities. 

To sum up, I have focused on the kind 
of changes that are needed if scientists 
are to be a force to reckon with in our 
country and not some semidecorative 
appendage. The main role and respon¬ 
sibility can be seen in terms of the chal¬ 
lenges which have to be faced. These 
include training, external competition, 
internal obsolescence, and the effective 
allocation of increasingly scarce resources. 

I should add that at least in some fields, 
one can already discern the beginnings 
of such changes. Young researchers who 
are not at the top of any hierarchy now 
have access to independent funding and 
recognition. The head of the department, 
once a position held onto tenaciously till 
death or retirement, now rotates in many 
institutions. Research of quality is carried 
out at more than one centre so that 
meaningful criticism and collaboration is 
possible within the country. If such trends 
continue and spread, we can look forward 
to scientists building up a community 
and a movement which is bigger, better, 
and longer lasting than any single in¬ 
dividual. The burden of roles and respon¬ 
sibilities might seem heavy. But as I 
mentioned at the beginning, no price is 
too heavy when one is solving interesting 
problems, enjoying it, and being paid for 
it. 


Rajaram Nityananda is in the Raman 
Research Institute, C. V . Raman Avenue , 
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DAE Solid State Physics Symposium - 1995 


The 38th Solid State Physics Symposium, 
organized by the Board of Research for 
Nuclear Sciences, of the Department of 
Atomic Energy, was held at the Indian 
Association for the Cultivation of Science, 
Jadavpur, Calcutta during 27-31 Decem¬ 
ber 1995* The following is a brief resume 
of a few selected aspects of the proceed¬ 
ings of the symposium. 

A. K. Barua (IACS) in his invited talk 
on ‘Thin film solar cell technologies: 
status and prospects for cost reduction of 
solar photovoltaic electricity’ stated that 
only thin film solar cells have the potential 
of reaching the module cost of Rs 30/pw 
from the present level of Rs 120-175/pw 
and various options are being tried out. 

Satish C. Gupta (BARC) discussed the 
topic ‘Phase transition studies using gas 
gun’. He described the gas gun facility 
(BARC) and how it is used for shock 
loading studies of a variety of materials 
up to 40 GPa for a few microseconds. 
Phase transition, studies in shock re¬ 
covered samples of Ge0 2 , Ti and Zr have 
been carried out by XRD and Raman 
spectroscopy. The results indicate that in 
Ge0 2 , initiation of irreversible amorphiza- 
tion occurs between 6.8 and 7.4 GPa. The 
phenomenon is completed around 10 GPa 
via solid-solid route. In the case of Ti 
and Zr, the literature indicates that dif¬ 
ferent reports give different values for 
the transition pressure for shock-induced 
a-w transition. The cause for this scat¬ 
tering of data was investigated and it is 
found that the oxygen content in the 
sample determines the transition pressure. 
Other aspects of physics of phase tran¬ 
sition like comparison with static pressure 
data were also described. During discus¬ 
sions, it was noted that computer experi¬ 
ments of shock-induced phase transitions 
in these and other materials may throw 
light on the dynamic nature of phase 
transitions. 

At Indira Gandhi Centre for Atomic 
Research (IGCAR), two major facilities 
have been set up for condensed matter 
investigations in the recent past. 
Mohammed Youssuf described the high 
resolution X-ray diffractometer set up in 
the Materials Science Lab. (MSL) for 
high pressure experiments in the Guinier 
geometry. A home-made diamond anvil 
cell capable of generating pressures up 
to 60 GPa has been coupled to the dif¬ 


fractometer. The K al molybdenum radia¬ 
tion can be focused to a spot size of 
~ 100 pm and using a position sensitive 
detector with position resolution of 
~ 100 pm, one can obtain high quality data 
in about 2 hours. The instrument has been 
used for studying high pressure phases of 
UA1 2 , Ti, Al, ThAl 2 and fiillerene Cj Q . 

B. Viswanathan (IGCAR) presented the 
details of development of monoenergetic 
positron beam at MSL. The low-energy 
positron beam facility consists of (i) a 
source chamber containing a 50 pCi 22 Na 
positron source and a 1 pm thick W (100) 
foil moderator; (ii) electrostatic beam op¬ 
tics with a magnetic transport system for 
monoenergetic slow positrons (several eV 
to keV); (iii) UHV target chamber; and 
(iv) suitable gamma spectrometer. 

M. S. Hegde (IISc), in his invited talk, 
dealt with studies of Giant Magneto-Resis¬ 
tance (GMR) in a series of compounds 
Lnj -jc A x Mn0 3 (Ln = La, Nd, Pr and 
A = Ca, Sr, Ba and Pb) carried out at 
his laboratory. In this connection, it may 
be noted that the two invited talks in the 
1994 DAE Solid State Physics Sym¬ 
posium by Roger Cowley and R. Krishnan 
also dealt with GMR in alloys and multi¬ 
layers. In contrast, Hegde reported higher 
GMR in oxygen-deficient Ln oxide, 
namely La 0 6 Pb 04 MnO 3 _ 6 , demonstrating 
that defects in the films induce higher 
GMR effect. They have also found over 
85% GMR in La 07 Mn0 3 _ s oxide which 
is unique as the oxide is self-doped. They 
have also observed enhanced GMR in 
magnetic-nonmagnetic multilayers (La^ 
Mn0 3 _ 5 /L a o 85 MnO 3 _ 5 ) 20 . 

J. Koshy’s (RRL, Trivandrum) talk 
dealt with synthesis of a new family of 
complex perovskites REBa^O^ (RE = 
rare earth, M = Zr, Sn and Hfj. These 
materials are found to be chemically com¬ 
patible with YBCO and BISCCO super¬ 
conductors even under extreme processing 
conditions, and characteristically possess 
low dielectric constant (e~ 10) and loss 
factor (tan 8 - 10 -5 ) at GHz, making them 
suitable substrates for YBCO and 
BISCCO superconductors for microwave 
applications. Some 45 new materials of 
this class are reported; lattice constant is 
typically of the order of 8.5 A. Super¬ 
conducting films of YBCO with. 
r c(0) = 92 K and Bi (2223) 7; (0) =110K 
with critical current density >10 4 A/cm 2 


at 77 K have been developed over the 
substrates by dip coating and screen print¬ 
ing techniques. YBCO thin films have 
also been developed on these substrates 
by laser ablation, giving highly-oriented 
(001) films with superconducting transi¬ 
tion T m = 92 K and critical current den¬ 
sity of 10 5 A/cm 2 at 77 K. One of the 
important points made by Koshy was that 
they find that even with 80% volume 
fraction of insulator to 20% of supercon¬ 
ductor, the material remains supercon¬ 
ducting. 

Abhijit Mookerjee (S. N. Bose Centre, 
Calcutta) reviewed various theoretical 
approaches to the study of ‘Phase stability 
of alloys’ and detailed two main 
approaches, namely, that of Connolly- 
Williams for ordered alloys and the con¬ 
centration wave approach in a perfectly 
disordered paramagnetic system. Results 
obtained in the case of a number of 
binary alloys, CuZn, CuNi, etc. and AgPd 
were presented. Mookeijee talked of set¬ 
ting up a perturbation of an ordered struc¬ 
ture in a totally disordered background 
and wondered whether the system can 
support such a perturbation. In comment¬ 
ing on the relative stability of various 
alloys, he emphasized that the quantitative 
theories have to possess high accuracies 
for their credibility to be maintained. 

Conducting polymers, to be commer¬ 
cialized, pose many problems including 

(i) instability in a specific environment, 

(ii) difficulty in processing. The conduc¬ 
tion mechanism itself may be based on 
solitons, polarons or bipolarons which 
generally depends on doping, a common 
method of sensitizing. In spite of dif¬ 
ficulties, polymers are attractive since they 
possess low density, flexibility in process¬ 
ing and devices, moderate environmental 
stability and are of low cost. Several 
processes exist for synthesis of conducting 
polymers: (a) by C-C conjugation as in 
poly acetylene, (b) delocalization of n 
electrons, thus allowing for penetration 
of non-bonding electrons, e.g. ethyl sul¬ 
phide, and (c) electrochemical synthesis. 
Augmentation of conductivity is either 
by (a) doping (b) self-doping or no-doping 
polymers and (c) by reduction of band 
gap in polymers. 

Intrinsically, the conjugated polymers 
like polyacetylenes are semiconductors 
and one needs to dope them to enhance 
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conductivity. However, doping to large 
concentrations drastically affects mechani¬ 
cal, chemical, thermal and environmental 
stability of the polymer. Sukumar Maiti 
(IIT-Kh) discussed alternate roots to en¬ 
hance conductivity, by reducing band 
gaps. He described four options: (a) intro¬ 
duction of quinoid character, (b) alteration 
of aromatic and quinoid character, (c) 
increasing non-aromatic character, and (d) 
alternative strong donor and acceptor 
moieties. He discussed the options by 
illustrations of several narrow bandgap 
polymers that have been recently syn¬ 
thesized at IIT, Kharagpur, resulting in 
band gaps of - 0.80 eV. 

Conducting polymers have been used 
in fabrication of biosensors recently. In 
the so-called amperometric sensors, the 
conducting polymer acts as an electroni¬ 
cally conducting matrix for immobi¬ 
lization of enzymes. In the so-called 
conductimetric sensors, the polymers 
play a dual role-namely as an immo¬ 
bilizer of the enzyme and a transducer. 
A. Q. Contractor (IIT-K) described the 
variety of enzyme substrate systems 
studied, which has resulted in a generic 
conductimetric sensor concept with 
glucose-oxidase, urease, lipase and pep¬ 
sin. 

S. V. Subramanyam (IISc) described 
the research efforts in synthesis of highly 
conducting amorphous carbon, a new 
phase of carbon, using pyrolysis, high 
pressure and temperature and plasma- 
assisted polymerization. His group has 
developed carbon films whose conduc¬ 
tivity can be varied from near-insulating 
phase to about 6000 scm ' 1 depending on 
the preparation process. Density of film 
is nearly 1.7 gm/cc, that is, lighter than 
graphite and the film is lustrous; it ex¬ 
hibits constant conductivity over a wide 
temperature range of nearly 1000 K as 
well as over a wide pressure range. The 
material has been characterized by a 
variety of techniques. The Raman line 
occurs at ~ 1300 cm ” 1 which does not 
agree with that of either diamond or 
graphite. Secondly, ion mass spectrometry 
indicated that the film is composed of 
C 2 clusters. Cyclic voltametry has been 
carried out to study absorption and desorp¬ 
tion of various gases. The material ex¬ 
hibits inertness over wide pH values. 
Questions which arose were: ‘Why are 
these films so highly conducting?; Why 
is conductivity temperature independent?; 
Why is it so inert?, etc’. The group has 


sought for a patent for synthesis of this 
unusual, highly conducting, highly stable, 
highly temperature independent, magnetic 
field independent form of a new phase 
of carbon. In the years to come, they 
expect that the film may have various 
applications for anticorrosion coating, 
stripper foils, etc. 

Nandini Trivedi’s (TIFR) invited talk 
on ‘Superconductor-insulator transition in 
disordered electronic systems’ gave a clear 
exposition of the study of effect of dis¬ 
order on superconductivity in low-dimen¬ 
sional systems. This topic is of great 
topical interest (see e.g. Phys. Rev. Lett., 
1995, 74, 1500) in the context of study 
of layered hi-T c superconductors and dis¬ 
ordered and amorphous films. Analytical 
approaches cannot tackle this problem. 
Nandini Trivedi discussed her studies 
based on the fermionic model that can 
support superconducting, insulating and 
metallic phases and presented results 
based on their quantum Monte-Carlo 
studies. 

Sriram Ramaswamy (IISc) spoke on 
‘Colloids far from equilibrium’ which 
dealt with the study of structure, dynamics 
and phase transitions of colloidal suspen¬ 
sions by time-dependent statistical mecha¬ 
nics. R. Mukhopadhyay (BARC) on 
‘Quantum molecular tunneling in solids: 
Inelastic neutron scattering study’, 
wherein results obtained during this 
decade on nature of tunneling rotational 
excitations of NH 4 ions in dilute solutions 
in alkali metal-halide lattices by high 
resolution inelastic neutron spectroscopy 
were presented. In particular, the role of 
crystalline strains created by doping by 
large alkali atoms and implications on 
nuclear spin conversion processes were 
noteworthy. 

Chanchal Majumder (S. N. Bose 
Centre), in his evening talk on ‘Bose- 
Einstein condensation’, starting from the 
Bose-Einstein formula which had been 
used for predicting existence of such a 
condensate for critical values that were 
related to thermal Debye wavelengths, 
discussed various aspects and properties 
of the condensate. The condensate had 
to be demonstrated in an ideal weakly 
interacting particle system, namely, a 
dilute gas system, in which composite 
particle stabilities had to be taken into 
account. One of the important experimen¬ 
tal achievements in physics has been the 
observation of Bose-Einstein condensate 
of a gas of 87 Rb atoms, a culmination 


of efforts of over a decade. M. H. Ander¬ 
son et al at University of Colorado, 
Boulder, USA were able to provide proof 
of observation of the condensate at a 
density of 3 x 10 12 atoms/cc and at a 
temperature of 170 nano Kelvin by in¬ 
genuous experimental efforts through laser 
and evaporative cooling of neutral alkali 
atoms in a magneto-optical trap. The 
experimental observation has since been 
confirmed in other alkali atom systems 
(see e.g. Phys. Rev. Letts., 1995, 75, 
1687). 

In the ‘Science’ round up of the year, 
the condensate has been referred to as 
‘molecule of the year’. To quote from 
popular news ‘This is a new form of 
matter, named after Satyendranath Bose 
and Einstein, a superchilled gas in which 
atoms move at the same speed and in 
the same direction. In normal gas, atoms 
scatter wildly but this new matter could 
allow scientists to create a new tool - an 
atomic laser capable of removing atoms 
one by one or even “writing” atoms into 
semiconductors’. 

The evening lecture on the second day 
was on ‘Frontiers in quantum chromo 
dynamics, top quark et al .’ by Bikash 
Sinha (SINP & VECC). Among the six 
expected number of quarks, the ‘top 
quark’ proved to be elusive. The story 
of the unfolding of the drama of elemen¬ 
tary particles, culminating in the discovery 
of the top quark this year in the debris 
of proton-antiproton collider experiments 
at the Fermilab in USA - observation of 
a needle in a hay-stack - was the content 
of the talk by Bikash Sinha in his inim¬ 
itable style. He said that the story of 
pursuit of knowledge of structure of mat¬ 
ter has been the story of technological 
development of accelerators, the tools of 
the ‘looking glass’. In the phase space 
defined by the energy (temperature), stran¬ 
geness and baryon density, he discussed 
various aspects of occurrence of the early 
universe scenario, nuclear matter, neutron 
stars, hadronic gas and the quark-gluon 
plasma. One looked for ‘signatures’ of 
constituents of matter like photons. He 
referred to a series of equilibration times 
in the scenario and mentioned that there 
seems to be signature of first-order phase 
transitions involving existence of quark- 
gluon-plasma with hadronic matter. He 
dealt with experimental details of the 
Fermi Lab experiments to spot the t signal 
which has established that the ‘top’ quark 
has a large mass and in about 10 “ 23 s it 
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decays before hadronization. The Geneva, 
US and Japanese collaborateonal experi¬ 
ment has led to a mass value of 173 
GeV for the top quark. He referred to 
the New Megascience facilities which are 
still to take shape like LHC at CERN 
to look for Higg’s particle, top quarks 
in abundance and relativistic heavy ion 
beams. Sinha made an important obser¬ 
vation, namely, that by the time the LHC 
and RHIC came up, if India were to take 
part in this endeavour, the current research 
scientists in the 25-30 years of age group 
have to take up leadership in this en¬ 
deavour. 

The evening lecture on the third day 
was on ‘Hundred years after the discovery 
of X-rays and fifty years after the dis¬ 
covery of nuclear magnetic resonance’ 
by R. Chidambaram (Chairman, AEC). 
Condensed matter physics had its begin¬ 
nings in the determination of crystal struc¬ 
ture by Bragg, Bragg and Laue in 1912 
by X-ray diffraction. 1995 happens to be 
the centenary year of the discovery of 
X-rays. While locating the positions of 
heavy elements in a crystal lattice was 
possible by X-ray diffraction, location of 
the ubiquitous hydrogen and other light 
elements was not possible till the advent 
of neutron diffraction. Nuclear magnetic 
resonance technique developed 50 years 
ago could throw light on location of 


hydrogen and its environs. Chidambaram 
covered a very wide canvas going back 
to the days of Roentgen in 1895 to the 
present day of use of high brilliance 
synchrotrons. 

With the advent of X-ray beam from 
synchrotrons during the past 20 years, it 
is observed that the brilliance on samples 
at these sources has doubled almost every 
two years and hence this has increased 
a trillion times over these 20 years. It is 
believed that the next century will have 
as many applications of synchrotrons as 
the conventional source in the past 100 
years. 

Chidambaram also referred to the very 
wide range of use of X-rays in the three 
major fields, namely, diffraction, spectro¬ 
scopy and imaging. The applications that 
have emerged in microscopy, tomography, 
holography and medical fields were brief¬ 
ly touched upon. He also referred to the 
role of X-ray telescopes in understanding 
cosmological aspects as well as the role 
of X-rays in radiation therapy. Chidam¬ 
baram emphasized the need for increased 
collaboration and sharing of each other’s 
facilities and even the compulsions that 
dictate the need for international col¬ 
laboration in fields like high energy 
physics or elementary particle physics. 

The proceedings of the symposium have 
shown that the border line between ‘solid 
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Enechelon faults 

I have a few observations to make about 
Sm. Ramasamy’s article ‘Enechelon faults 
along west coast of India and their 
geological significance’ ( Curr . Sci., 1995, 
69, 811-814). 

1. The statement ‘Laccadives and Mal¬ 
dives is separated by 9° channel is in¬ 
correct, and it should be 8° channel 
instead’. This 8° channel used for inter¬ 
national navigation (route) between 
Africa/Gulf countries and Colombo and 
far east is also very close to the line 
separating the Exclusive Economic Zone 
of Lakshadweep (India) and Maldives. 

2 . The Chagos-Laccadive Plateau extends 
for a length of approximately 2250 km 


(between 8°S and 14°N latitude) and is 
geographically divided into Chagos- 
archipelago at the southern portion, Mal- 
dive islands up to 8°N and Minicoy- 
Lakshadweep group of islands and banks 
in the northern parts. In Figure 2 of the 
article the location of the islands is shown 
wrongly. Lakshadweep islands are shown 
as Maldives and vice versa. 

3. The Precambrian NE-SW trending 
regional dextral strike slip faults of the 
continental part have been transformed 
into Pleistocene sinistral faults in the 
West Coast and are extending up to the 
Lakshadweep/Maldive Ridge; this obser¬ 
vation by the author is based mainly on 
IRS satellite imagery. The offshore ex¬ 


state physics’ and ‘materials science’ is 
very thin and may disappear in the near 
future, thanks to the prevailing winds of 
change, emphasizing the role of applied 
work. Till recently we were preoccupied 
with ‘ideal’ systems occasionally touching 
on effect of variation of thermodynamic 
parameters, chemical composition or stoi¬ 
chiometry. Emergence of hi-T c materials 
brought this very much as a part and 
parcel of solid state investigation. But 
now, it appears, we are encroaching on 
other aspects like effect of particle size 
variation or effect of disorder both qualita¬ 
tively and quantitatively. Simple analytical 
and computational schemes are inade¬ 
quate, making it essential to resort to 
Monte Carlo and other simulational 
studies. Another aspect that emerged was 
the need to go for multidisciplinary 
approaches like enzyme or polymer 
chemistry, band structure and micro¬ 
electronics to design and fabricate today’s 
sensors. 

In conclusion, the symposium’95 was 
an enjoyable meet technically and other¬ 
wise, thanks to the extraordinary efforts 
put in by the hosts. 


K. R. Rao, Bhabha Atomic Research 
Centre, Bombay. 


tension of these faults and lineaments up 
to Lakshadweep Ridge should be con¬ 
firmed only after extensive study by mag¬ 
netic, gravity and deep seismic surveys 
of the marine domains represented by 
continental shelf, slope and Lakshadweep 
trough between Mangalore and Trivan¬ 
drum, which is carpeted by a thick pile 
of Pleistocene to recent sediments and 
the basement is very complicated. 

V. K. K. Kalluraya 

Geological Survey of India, 

Marine Wing, 

PKV Bhandarkar’s Complex, 
Mannagudda, Mangalore 575 003, India 
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Sm. Ramasamy replies: 

1. The Laccadives and Maldives may 
be separated by 8° channel as observed 
by V. K. K. Kalluraya. The Laccadives 
and Maldives form N-S trending inde¬ 
pendent clusters of islands with - Lac¬ 
cadives in the North of Maldives in the 
South. In the centre of these two chains 
of islands, i.e. in between the southern 
8 ° channel and the northern 9° channel 
there is a small tiny island which I have 
grouped into Maldives instead of Lac¬ 
cadives and hence .1 have written that 
Laccadives and Maldives are separated 
by 9°. However, the fault nos. 5 and 6 


are found to extend along 9° channel in 
the southern end of Laccadives and just 
north of the tiny island referred to above. 
Jacob and Narayanaswami have also ob¬ 
served that Palghat extends up to 9° 
channel. 

2. In the present analysis, all the tiny 
islands were plotted first and all of them 
were finally welded into two clusters by 
drawing an envelope. So, no mistake has 
been committed in the location of islands 
as only the envelope of islands is shown 
in Figure 2. However, as only the en¬ 
velope of the islands is shown, it has 
been mentioned in the legend that Lac¬ 
cadives and Maldives are not to scale. 


3. The Precambrian NE-SW trending 
dextral faults show unquestionable 
sinistral drag along west coast in satellite 
imagery as shown in Figure 1. However, 
I also agree with Kalluraya that the ex¬ 
tension of faults/model suggested by me 
need deeper studies, a point mentioned 
in the last paragraph of my original work. 

Sm. Ramasamy 


Centre for Remote Sensing, 
Bharathidasan University, 
Khajamalai Campus, 
Tiruchirapalli 620 023, India 


Tapioca - a potential substitute for agar in tissue culture media 


The commercial plant tissue culture 
industry is expanding rapidly in India, 
but the cost of tissue-cultured plants is 
high. One of the contributing factors is 
high price of purified agar. Recently, we 
identified small-grained tapioca pearls 
(marketed as motidana ), obtained from 
tubers of cassava ( Manihot esculenta 
Crantz), as a cheaper substitute for agar 
in culture media for fungi and bacteria 1 . 
Growth of several fungi was better on 
medium with tapioca pearls (motidana 
no. 2 quality) than on agar medium 1 . 
Therefore, we explored the possibility of 
using tapioca pearls as a gelling agent 
instead of agar to reduce the cost of 
tissue culture media. 

After initial screening of motidana no. 

1 quality and motidana no. 2 quality, 
defined by the suppliers (Sri Lakshmi 
Sago Manufacturing Company, Vetla- 
palem, Andhra Pradesh), it was found 
that no. 1 quality gave results comparable 
with that of agar. 

The protocol reported by Flick and 
Evans 2 was used for regeneration of 
tobacco. Explants from young leaves of 
one month old greenhouse-grown tobacco 
plants were placed on Murashige and 
Skoog (MS) medium 3 containing 1.5 mg/1 
benzyl aminopurine and agar (7 g/1) or 
tapioca pearls (100 g/1). Three replications 
with four explants in each were tested 
in each medium and the experiment was 
carried out twice. All cultures were incu¬ 



bated at 24' ± 1°C under 16 h fluorescent 
light. Callus was induced in seven days 
on agar medium and in ten days on 
tapioca medium. Shoot differentiation 


occurred in 21 days on agar medium and 
24 days on tapioca medium. Extensive 
shoot proliferation occurred in tapioca 
and agar media in 4 weeks (Figure 1 a). 


Figure 1. Regeneration of tobacco: (a), callus and shoot differentiation on (left) tapioca medium 
and (right) agar medium; and (b), shoots rooted in (left) tapioca medium and (right) agar medium. 
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Figure 2. Chickpea shoots rooted in (left) 
tapioca medium and (right) agar medium. 


Shoots were excised and rooted on MS 
medium (without hormones) with agar or 
tapioca (Figure 1 b ). The percentage of 
shoots producing roots in agar was 79.2. 
But in tapioca gel it was less or equal 
to that of agar. Establishment in vivo of 
rooted shoots was good in both the cases, 
when these were transferred to pots. 


We also attempted micropropagation of 
chickpea on tapioca-based medium using 
shoot tips of cv K 850 and following 
the protocol developed 4 . More number of 
shoots were produced on agar medium 
(3.6 shoots/explant) than on tapioca 
medium (2.7 shoots/explant). Rooting of 
shoots was better on tapioca medium 
(66.7%) than agar medium (40.0%) (Fig¬ 
ure 2). Average shoot length was also 
greater on tapioca medium (av. 4.4 cm, 
range 1.0-11.0 cm) than on agar medium 
(av. 3.8 cm, range 1.5-5.5 cm). Of the 
total, 83% plants from tapioca medium 
and 78% plants from agar medium were 
established in the greenhouse. 

On dry weight basis, tapioca pearls 
contain about 95% starch 5 . On heating, 
the starch gets converted into a complex 
polysaccharide, dextrin 6 . Incidentally, agar 
is also a complex polysaccharide. 

Barley starch was reported to be a 
better gelling agent than agar for barley 
anther culture 7 . We report for the first 
time that tapioca pearls can be used suc¬ 
cessfully as a substitute for agar in tissue 
culture media. We do realize, however, 
that the long-term effect, if any, leading 
to undesirable somaclonal variation will 
have to be ascertained before recommend¬ 
ing tapioca for commercial use. Also, the 
grade of tapioca needs to be standardized 
for large-scale use. 

India imports about 9500 kg of agar 
annually and the import value is about 
Rs 5.5 million (Source: Ministry of Com¬ 
merce, New Delhi). The cost of tissue 
culture grade of agar is approximately 
Rs 8000 per kg whereas that of tapioca 


pearls is Rs 14 per kg. Thus, agar medium 
at 0.7% concentration is 40 x costlier 
than tapioca medium at 10% concentra¬ 
tion. The use of tapioca pearls in tissue 
culture media will contribute substantially 
to reduction in import value of agar in 
India as well as in other developing 
countries. It will also reduce the cost of 
tissue-cultured plants. 


1. Nene, Y. L. and Sheila, V. K., Indian J. 
My col Plant Pathol ., 1994, 24, 159-163. 

2. Flick, C. E. and Evans, D. A., in Handbook 
of Plant Cell Culture (eds Sharp, W. R., 
Evans, D. A., Ammirato, P. V; and Yamada, 
Y.), Macmillan, New York, 1984, vol. 2, 
pp. 606-630. 

3. Murashige, T. and Skoog, F., Physiol 
Plant., 1962, 15, 473-497. 

4. Sheila, V. K., Moss, J. P., Gowda, C. L. L. 
and van Rheenen, H. A., Int. Chickpea 
Newsl , 1991, 24, 28-30. 

5. CSIR, New Delhi, in The Wealth of India, 
Council of Scientific & Industrial Research, 
New Delhi, 1962, vol. VI, pp. 292-294. 

6. Hendershott, C. H., in A Literature Review 
and Research Recommendations on Cassava 
(Manihot esculenta Crantz), National Tech¬ 
nical Information Service, US Department 
of Commerce, Virginia, 1972, p. 193. 

7. Tiwari, S. and Rahimbaev, I., Curr. Sti, 
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Y. L. Nene 
V. K. Sheila 
J. P. Moss 

International Crops Research Institute 
for the Semi-Arid Tropics (ICRISAT) 
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Indian remote sensing satellite 
(IRS)-IC—The beginning of a new era 

K. Kasturirangan*, R. Aravamudan**, B. L. Deekshatulu*, George Joseph* 
and M. G. Chandrasekhar* 

* Indian Space Research Organization' Headquarters, Bangalore 560 094, India 
**ISRO Satellite Centre, Bangalore 560 017, India 
National Remote Sensing Agency, Balanagar, Hyderabad 560 037, India 
*Space Applications Centre, Ahmedabad 380 053, India 


The varied advantages of satellite remote sensing in 
effectively harnessing the available natural resources 
potential, have been successfully utilized in many parts 
of the world. The unique capability of space-based 
sensors to provide a wide range of information available 
in the electromagnetic spectrum, in a synoptic and more 
frequent manner, has made this technology an inevitable 
tool in the sustainable development and utilization of 
our natural resources. The Indian remote sensing com¬ 
munity, who used data obtained through Hassleblad 
camera as the information source in the late sixties is 
now being provided with satellite data which is beyond 
comparison with the former. The Indian remote sensing 
satellite, IRS-1C, which is the latest addition to the 
remote sensing satellite family, is considered to be the 
most advanced, compared to other contemporary satellites 
in the world, mainly by virtue of its capability to provide 
high resolution data and more frequent coverage from 
a unique combination of sensors. 

Indian remote sensing programme: The 
growth towards excellence 

In India, development of satellite platforms for acquisition 
of remotely sensed data began with the Bhaskara mission 
of late seventies. The Bhaskara satellites had a two-band 
TV payload for land applications and a Satellite 
Microwave Radiometer (SAMIR) for oceanographic/ 
atmospheric applications. The spatial resolution of the 
TV payload imageries was about 1 km whereas the 
SAMIR data were with ‘footprints’ of about 125 km. 
The Bhaskara programmes provided valuable experience 
and insight into a number of aspects such as sensor 
system definition and development, conceptualization 
and implementation of a space platform, ground-based 
data reception and processing, data interpretation and 
utilization as well as issues related to the integration 
of remotely sensed data with conventional data systems 
for resource management. 

Convinced of the capabilities and the inevitable role 
of satellite remote sensing in national development, India 
embarked upon several Joint Experiment Projects (JEP) 


with the active involvement of the user community for 
the optimal management of our natural resources. Sub¬ 
sequently, the National Natural Resource Management 
System (NNRMS), a unique organizational set up in 
the world, was established to ensure the most effective 
utilization of remote sensing technology by facilitating 
the establishment of necessary space, ground and user 
segments as well as the integration of the views of the 
administrators, decision makers, technologists and user 
community. This resulted in successful launch and 
operationalization of IRS-1A in 1988. Compared to 
Bhaskara, considerable progress had been achieved in 
every aspect of the satellite mission. Subsequently, IRS- 
1B and IRS-P2 satellites were launched in 1991 and 
1994 respectively. These missions have not only realized 
the primary objective to design, develop and deploy a 
three-axis stabilized polar sun-synchronous satellite car¬ 
rying near state-of-the-art payloads, but also paved the 
way to establish and routinely operate ground-based systems 
for spacecraft data reception, dissemination and analysis 
and mission control facilities, ensuring the operationalization 
of the programme on an end-to-end basis. 

Commensurate with the developments in satellite tech¬ 
nology and data availability (Table 1 a and b) consid¬ 
erable progress has been made towards effective 
utilization of the available data for various applications. 
Since the days of macrolevel assessment of coconut 
wilt disease using Hassleblad camera, remote sensing 
applications have come a long way in our efforts towards 
sustainable resource management. Today this technology 
has been operationalized to cover diverse themes/areas 
such as forestry, agricultural crop acreage and yield 
estimation, drought monitoring and mitigation, flood 
monitoring and damage assessment, landuse/cover 
studies, wasteland identification and reclamation, water 
resources development and management, groundwater tar¬ 
geting, marine resources survey, urban planning, mineral 
prospecting, environmental impact assessment and so 
on - thus encompassing almost every facet of sustainable 
resource development and management (Figure 1). 

Utilization of remote sensing technology for resources 
mapping and monitoring apart, the remote sensing appli- 
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Table 1 a. Characteristics of Indian satellites for earth observation 


Parameters 

Bhaskara-I & II 

IRS-IA/IB 

IRS-IC/ID 

Class 

Spin-stabilized 

3-axis stabilized 

3-axis stabilized 

Weight (kg) 

444 

975/989 

1247 

Power (W) 

47 W from solar 
panels and 

Ni-Cd batteries 

709 W from solar 
array (EOL) 

2 Ni-Cd batteries 

813 W from solar 
array (EOL) 

2 Ni-Cd batteries 

Mission life 

One year 

Three years 

Three years 

Launch 

Orbit 

1979, 1981 

1988/1991 

1995 

Height (km) 

Apogee 557 

Perigee 572 

904 

-817 

Indination (deg) 

Equator crossing time 

50.7 

99.028 

98.12 

Near circular 

Sun-synchronous 

10:25 

Sun-synchronous 

10:30 

Repetitivity (days) 

- 

22 

24 


Table lb. 

Characteristics of remote 

sensors on board Indian satellites for earth observation 


Bhaskara 

Bhaskara 

IRS-IA/IB 

IRS-IC/ID 

IRS-IC/ID 

IRS-IC/ID 


I/II TV 

I/II SAMIR 

LISS-I/II 

LISS-III 

PAN 

WiFS 

Type 

TV 

Dick-type 

CCD 

CCD 

CCD 

CCD 


camera 

microwave 

camera 

camera 

camera 

camera 



radiometer 





Spectral 

0.54-0.66 

19, 22, 31 

0.45-0.52 

0.52-0.59 

0.5-0.75 

0.62-0 68 

bands 

0.75-0.85 

(GHz) 

0.52-0.59 

0.62-0.68 


0.77-0.86 

(itm) 



0.62-0,68 

0.77-0.86 






0.77-0.86 

1.55-1.70 



Ground 

1km 

125 km 

73/36.5 

-23 (VNIR) 

5.8 

188 

res. (m) 



(foot print) 

- 70(MIR) 






148/2 x 74 

- 140 



Swath (km) 

-341 

- 

148/2 x 74 

- 140 

-70 

810 

Steering 

Nadir 

Nadir 

Nadir 

Nadir 

Steerable 

Nadir¬ 






±26° 

looking 


cations scenario has witnessed a phase transition from 
resource mapping to decision making. The capability of 
this technology to provide a wide range of details in 
a holistic, synoptic and unbiased manner as well as the 
possibility to obtain these information on a periodic 
basis has facilitated this transition. For example, the 
accelerated pace of surveying and monitoring activities 
have formed the basis of strategic planning and policy 
formulation at different levels of decision making. While 
major decisions on the contingency plan, water release 
from reservoir and buffer stock of food grains can be 
ascribed partly to the inferences drawn from remote 
sensing-based fortnightly drought monitoring and prehar¬ 
vest estimation of acreage and yield in respect of major 
crops in the country, the groundwater potential maps 
for the entire country, prepared during late eighties have 
been the major source of information that contributed 
to. the tremendous success of drinking water technology 
mission. Similarly there are a number of examples such 
as monitoring of forest encroachment, setting up of 
chemical industries, realization of environmental inte¬ 


grity, establishing infrastructural facilities, water resour¬ 
ces management, policy formulation for urban envi¬ 
ronment, disaster management, etc. where remote 
sensing-based information is used as an invaluable aid 
in decision making. 

IRS-1 C: The genesis 

While acknowledging the fact that high level of 
operationalization has been attained in a number of 
application areas, it was felt that efforts have to 
be made to consolidate the gains achieved so far, 
as well as to increase the application of satellite 
remote sensing in those areas where the technology 
has tremendous potential but remains only partially 
utilized at present. Besides, an earnest attempt is 
inevitable to explore the capability of remote sensing 
in new areas which are not yet amenable to it; but 
could be within our reach. The advances in electro- 
optics, detectors and signal processing onboard with 
corresponding developments in data processing and 
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Today. .. 

• Forest 

Forest mapping 
Forest fire detection 
Grassland mapping 
Shifting cultivation 

• Agriculture 

Crop inventory 
Soil classification 
Saline/alkaline soil mapping 
Wasteland delineation 
Landuse/cover mapping 
Drought monitoring 

• Water resources 

Surface water inventory 
Snow-melt run-off 
Watershed characterization 
Irrigation water management 

Multipurpose river valley 
projects 

Flood inundation mapping 



Tomorrow.. . 

Geology 

Crop yield, stress detection 

Groundwater targeting 

Pest/disease surveillance 

Geological mapping/ 

Soil moisture estimation 

mineral targeting 

Oil pollution monitoring 

Pipeline/road alignment 

Ocean dynamic parameters 
Ocean productivity/ 

Environment 

improved fishery forecast 

Urban sprawl 

Impact of sealevel rise 

Land degradation 

Precipitation estimation 

Mining impact 

Forest stock/species 

River action plans 

Forest timber volume 

Volcano monitoring 

Biodiversity 

Biomass estimation 

Coastal/ocean 

Cadastral mapping 

SST generation 

Digital terrain modelling 

Fishery forecast 

Natural resources 

Coastal zone mapping 

management models 


Figure 1. Remote sensing application scenario. 


analysis on ground, have enabled planning for very high 
spatial resolution payloads to cater to mapping at scales 
larger than 1 : 10,000. Consequently, it is recognized 
that the satellite remote sensing capabilities will hence¬ 
forth start addressing even applications hitherto in the 
domain of aerial photography. These apart, the Indian 
remote sensing programme should not only be able to 
meet the national needs but also be in tune with emerging 
international scenario. These thoughts have paved the 
way for the conceptualization of the second generation 
Indian remote sensing satellites, IRS-1 C/ID. 

'The basic requirements of the user community which 
were to be addressed in IRS-1 C/ID were the following: 

a) Continued availability of multispectral data, similar 
to LISS-I and LISS-II data of IRS-1A, IB and P2, but 
with better spatial resolution. 

b) Availability of data in the shortwave infrared region, 
especially for agricultural applications. 

c) Panchromatic data with spatial resolution better than 
10 m as well as the capability to have stereoimages for 
cadastral applications. 

d) Availability of data with high repetitivity and wide 
swath; but with a spatial resolution which is better than 
that of NOAA. 

e) A mission that can meet the data requirements of 
the international community as well. 

Besides, an analysis of the application scenario vis- 
a-vis the user requirements has clearly brought out the 
need to have application specific, low-cost missions 
which can provide data, especially for studies related 
to certain thrust/gap areas of applications. It is widely 


accepted that there is a need to have very high spatial 
resolution data for cartographic applications such as 
generation of cartographic database, digital elevation 
models, cadastral level developmental plans, etc. While 
these missions could address land and water-related 
applications, there have been demands from the user 
community for fullfledged missions, addressing various 
parameters of relevance to oceanography as well. Also, 
in view of the increased global efforts towards better 
understanding of the environment and implementation 
of action plans identified under Agenda 21, aimed at 
protection of planet Earth, it becomes essential to have 
data for various environmental studies. Based on these 
observations a few more satellite missions called IRS-P 
series, are being considered to be realized using the 
launch opportunity, provided by PSLV developmen¬ 
tal/continuation flights. IRS-P series of satellites are 
expected to be low-cost, quick turn-around, application 
specific missions that can cater to a majority of the 
application needs in specific gap areas. These missions 
could be viewed as complementary/supplementary to 
operational missions and as opportunities for proving 
technology and applications with new payloads and 
instruments. The IRS-1C, with a unique combination of 
imaging sensors, could be considered as the beginning 
in this direction. 


IRS-1 C: The beginning of a new era 

The IRS-1C marks a new beginning in the global efforts 
towards effective utilization of remote sensing technology 
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for natural resources management. IRS-1C, with a unique 
combination of payloads as well as capabilities and the 
resultant application potential is considered as the best 
civilian remote sensing satellite, launched by any 
spacefaring nation so far (Table 2). Also, for the first 
time an Indian remote sensing satellite has been designed 
as a global mission and efforts are underway to ensure 
the availability of data all over the world by establishing 
a network of ground stations. 

The mission 

The IRS-1C satellite, weighing around 1250 kg is placed 
in a polar sun-synchronous orbit of 817 km with the 
local time of equator crossing at 10:30 h. The satellite 
takes 101.35 min to complete one revolution around 
the earth and completes about 14 orbits a day. The 
entire Earth is covered by 341 orbits, during a 24-day 
cycle. 

In view of the requirements arising out of the high 
resolution imaging sensors, stringent specifications have 
been drawn for the attitude characteristics of the platform. 
The pointing accuracy, the drift rate and jitter specifica¬ 
tions of the platform have been finalized after taking 
into consideration the requirements of the precision 
processed, geometrically corrected images. 

To meet the stringent thermal and alignment stability 
requirements of the payloads, the payload platform is 
separated from the top deck of the main platform by 
a CFRP cylinder. The payload platform, besides accom¬ 
modating the payloads, also accommodates the earth 
sensors and the star sensors, taking care of the look 
angles and FOV clearances. The earth sensors and star 
sensors are placed on the common payload platform to 
minimize alignment instability between them and the 
payload cameras due to thermal distortion of the satellite 
structure. 

The Attitude and Orbit Control System (AOCS) is 
basically configured around a zero-momentum system 
using a four reaction wheel configuration. The attitude 


control system consists of the attitude measurement 
sensors (sun sensors, earth sensors, star sensors, DTG), 
the control logic and the actuators. Figure 2 shows the 
artistic view of IRS-1C spacecraft and Table 3 gives 
the salient features of the spacecraft system. 

The payloads - A unique combination 

IRS-1C offers the remote sensing community a unique 
combination of payloads consisting of three cameras: 
one operating in the panchromatic and the other two 
in the multispectral bands (Table 4). These payloads 
that operate in push-broom scanning mode using Charge 
Coupled Devices (CCD) as detectors are unique in terms 
of their resolution, revisit period and application potential. 

Panchromatic camera (PAN). The panchromatic 
camera enables the acquisition of images at a resolution 
of 5.8 m which is the highest spatial resolution being 
offered by any civilian remote sensing satellite, presently 
orbiting the earth. The PAN camera operates in the 
spectral range of 0.5-0.75 pm and provides a ground 
coverage of 70 km. The camera has off-nadir viewing 


Table 2 IRS-1C vs other major satellite missions 


Capability 

Landsat 

(USA) 

SPOT 

(France) 

IRS-1C 

(India) 

Sensors 

Panchromatic 

X 

✓ 

✓ 

Multispectral 

✓ 

✓ 

✓ 

Wide-field 

X 

X 

✓ 

Stereo 

X 

✓ 

✓ 

Resolution (m) 

Panchromatic 

_ 

10 

5.8 

Multispectral 

30 

20 

23 

Wide-field 

- 

- 

188 

Swath (km) 

Panchromatic 

- 

60. 

71 

Multispectral 

185 

60 

141 

Wide-field 

- 

- 

810 

Coverage 

Global 

Global 

Global 



Figure 2. An artistic view of IRS-1C in space. 
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capability with a revisit frequency of 5 days which can 
provide stereo images. A payload steering mechanism 
supports and rotates the PAN camera to a pre-determined 
angle in the pitch-yaw plane with the maximum scan- 
range being ±26°. This corresponds to an off-nadir 
coverage of ± 398 km on the ground. 

Linear Imaging Self Scanner (LISS-III). The four band 
multispectral camera, LISS-III provides the data of the 
earth’s surface in the shortwave-IR region besides visible 
and near IR regions of the electromagnetic spectrum. 
LISS-III has a spatial resolution of 23.5 m each in the 
visible and near-IR bands and 70 m in the shortwave IR 
band. The swath in the visible and near IR bands is 141 
km while the SWIR has a swath of 148 km. Each band 
has its own collecting optics and linear array CCD. The 
electro-optic modules are maintained at 20 + 3 C. 

Wide field sensor (WiFS). WiFS is a two-band camera 
which enables the dynamic monitoring of natural resour¬ 


ces and observes the same region once in every five 
days. The two bands operate in the visible and near IR 
region with a spatial resolution of 188.3 m and a wide 
swath of 810 km. Two lens assemblies are provided for 
each band with a view to minimizing the spectral and 
geometric inaccuracies due to wide field optics. 

Improved capabilities — Newer applications 

The unique combination of data available from IRS-1C, 
covering different regions of the electromagnetic 
spectrum, is expected to cater to the varied requirements 
of the remote sensing community, leading to newer 
applications. Use of high resolution data along with the 
stereo-viewing capability available from PAN camera 
enables the generation of detailed digital cartographic 
database and digital terrain models which can help in 
arriving at engineering solutions to complex problems 


Table 3. System features 


Table 4. Imaging sensors characteristics 


Mechanical 

Structure 

Thermal system 


Thermal control 


Mechanism 

Power systems 
Solar panels 

Chemistry battery 
Power electronics 

AOCS system 
Sensors 


Actuators 

AOCE 

Pointing accuracy 

Drift rate 
Telemetry ■ 


Telecommand 

Tracking 


Aluminimum/aluminium honeycomb with 
FRP elements 

Passive/semi-active thermal control with 
paints, MLI blankets, OSRs and closed loop 
temperature controllers 

Payloads : 2Q± 3°C 

SWIR : -10± 0.15°C 

Battery : 2± 2°C 

Electronics : 0 to 40°C 

Solar panel deployment; PAN hold down 
release 


9.636 m 2 rigid, sun tracking type, generating 
813 W power at EOL, at normal incidence. 

2 x 21 AH Ni-Cd batteries 

Two raw buses 28-42 V supplying power to 
all sub-systems 


Earth sensors, sun sensors, magnetometer 
and gyros. Star sensor for post facto attitude 
determination 

Reaction wheels, magnetic torquers, 
hydrazine thrusters (IN and 11 N) 

Microprocessor-based system with hardwired 
backup system 

±0.15° (pitch and roll) 

±0.20° (yaw) 

<3xl0" 4 deg/sec. 

House keeping information in S-band; 
PCM/PSK/PM modulation, real time/dwell 
rate 512 bps and playback/star sensor data 
6.4 Kbps, onboard storage (HK) capability 
2.75 Mb 

S-band; PCM/FSK/FM/PM with facility for 
ON/OFF and data commands 

S-band tone ranging and two way doppler 
X-band beacon 


Panchromatic 
Spatial resolution (m) 

Swath (km) 

Spectral band (pm) 

CCD device 
Device size (micron) 

No. of quantisation levels (bit) 
SNR (at saturation radiance) 
SWR (at Nyquist frequency) 
Integration time (msec) 

Data rate (Mbps) 

Linear imaging self-scanner-III 
Spatial resolution (m) 

Swath (km) 

Spectral bands (pm) 


CCD device 

Device size (pm) 

No. of quantisation levels (bit) 
SNR (at saturation radiance) 
Band-to-band registration (pixels) 

SNR (at Nyquist frequency) 
(0.52-0.59 pm) 

(0.62-0.68 pm) 

(0.77-0.86 pm) 

Integration time (msec) 

Data rate (Mbps) 

Wide field sensors 
Spatial resolution (m) 

Swath (km) 

Spectral bands (pm) 

CCD device 
Device size (pm) 

No. of quantisation levels (bits) 
SNR (at saturation radiance) 

SWR (at Nyquist frequency) 

Integration time (msec) 

Data rate (Mbps) 


5.8 


70 


0.5-0.75 


4096 elements 

linear array 

7x7 


6 


> 64 


0.20 


0.883 


84.903 


Visible 

SWIR 

23.5 

70.5 

142 

148 

0.52-0.59 

1.55-1.70 

0.62-0.68 


0.77-0.86 


6000 element 

2100 element 

linear array 

linear array 

10x7 

30x30 

7 

7 

> 128 

> 128 

±0.25 


>0.40 


>0.40 

>0.30 

>0.35 


3.5528 

10.6584 

35.790 

1.3906 


188 

810 

0.62-0.68 

0.77-0.86 

2048 elements linear array 
13 x 13 
7 

> 128 

> 34 (0.62-0.68 pm) 

>20 (0.77-0.86 pm) 

28.4224 

2.0616 
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associated with microlevel planning and development. 
The high resolution PAN data can also provide reasonably 
accurate Digital Elevation Models (DEM) which could 
pave the way for terrain mapping and generation of contour 
maps with smaller intervals. The capability to provide 
high resolution stereo images with a revisit frequency of 
5 days is expected to open up new vistas in urban 
management even to the extent of understanding the 
population dynamics and utilities planning. Added to these 
are the potential of PAN data for the updation of existing 
topographical maps as well as mapping at cadastral level. 

The LISS-III camera onboard IRS-1C provides data 
in the visible, near-IR and shortwave IR region. While 
the SWIR data are of immense help to study crop 
canopy water status and estimation of leaf area index, 
data from visible and NIR bands with a resolution of 
23.5 m are expected to significantly improve the 
separability amongst various crops and vegetation, lead¬ 
ing to identification of small fields and better classifica¬ 
tion accuracy. The LISS-III data can also be effectively 
utilized for discrimination of crops in the mixed crop 
regions and mapping of various thematic information 
with greater details. 

The high repetitivity data available from WiFS payload 
in two spectral bands will help in the monitoring of 
natural resources, especially the vegetation and dynamic 
phenomena like floods, droughts, forest fires and so on. 
Other major applications include the monitoring of crop 
vigour and health, cropping pattern, crop rotation, progress 
of harvest, etc. The availability of data with a five-day 
repetitivity enables generation of spectral growth profiles 
at almost every stage of a crop. No doubt, the high 
repetitivity data with wider ground coverage from WiFS 
will provide excellent opportunities in the areas of natural 
resources monitoring at regional and global level. 

Data dissemination and utilization 

The images acquired by IRS-1C are being disseminated 
to a wide spectrum of users to meet their specific 
requirements. Keeping in mind the varied interests of 
the user community, a variety of data products are 
available to users from different sensors of IRS-1C. 
While the NRSA Data Centre at Hyderabad is the focal 
agency for user interfaces, the EOSAT Company of 
USA who holds the marketing rights for IRS-1C, supplies 
data to the international user community. A network of 
ground stations is being established in different parts 
of the world to facilitate easy dissemination of data. 


Establishment of necessary ground infrastructure to 
ensure effective utilization of data for various applications 
at different levels has been an integral component of 
the Indian Remote Sensing Programme. Necessary infra¬ 
structure facilities have been established in different 
parts of the country. Apart from National Remote Sensing 
Agency, Hyderabad and Space Applications Centre, 
Ahmedabad a chain of Regional Remote Sensing Service 
Centres and State Remote Sensing Centres with 
well-equipped facilities for data analysis and utilization, 
caters to a large spectrum of the user community. Besides, 
a number of centre/state departments/agencies and private 
organizations have also set up facilities towards effective 
utilization of satellite data in the country. 

Conclusions 

Remarkable developments in space technology and its 
applications have contributed significantly towards sus¬ 
tainable utilization of our natural resources. The Indian 
Remote Sensing Programme which had a modest begin¬ 
ning in the late sixties has grown into a matured and 
well-balanced programme by realizing state-of-art space, 
ground and user segments, leading to an end-to-end 
capability. IRS-1C, the latest addition to the remote 
sensing satellite family, is considered as the best civilian 
remote sensing satellite launched by any spacefaring 
nation, so far. In view of the diverse requirements of 
a wide range of users in India and abroad, a variety 
of data products are being made available from different 
sensors of IRS-1C and are being disseminated all over 
the world by a network of ground stations. The continued 
data requirements of the user community will be sup¬ 
plemented when IRS-ID is launched in 1998. These 
apart, the IRS-P series of satellites, proposed to be 
launched using the developmental flights of Polar Satel¬ 
lite Launch Vehicle (PSLV) will provide further impetus 
in realizing the data requirements of the remote sensing 
community. The IRS-P series of satellites are applica¬ 
tion-specific, low cost and quick turn-around-time mis¬ 
sions with the objective to provide data for thrust areas 
of application, including cartography, oceanography and 
environmental studies. No doubt, the varied advantages 
of IRS-1 C/1 D by virtue of their unique payloads, 
capabilities as well as application potential, along with 
the proposed IRS-P series of satellites will usher in a 
new era in the global efforts towards sustainable utiliza¬ 
tion and management of our natural resources. 
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Advanced features and 
IRS-1C spacecraft 

S. Kalyanaraman and R. K. Rajangam 

ISRO Satellite Centre, Bangalore 560 017, India 


Here we report the advanced features and specifica¬ 
tions of the IRS-1C spacecraft. The spacecraft consists 
of three payloads, viz. a panchromatic camera, a 
four-band multispectral camera and a two-band wide 
field camera. The mainframe consists of a structure, 
thermal, mechanisms, power, communication and data 
handling, attitude and orbit control systems. Many new 
developments, including the payloads, have taken place 
for realizing the IRS-1 C spacecraft. 


The IRS- 1C mission envisaged the realization of a 
satellite-based remote sensing system to provide con¬ 
tinuity of services to the users and also to enhance the 
potential applications compared to IRS-1 A/IB. The prin¬ 
cipal component of the IRS-1C system is the spacecraft 
carrying the three optical cameras onboard. The specifica¬ 
tions of the cameras have been arrived at on the basis 
of the requirements from the users. 

The spacecraft is three-axis stabilized and is derived 
out of the heritage of IRS-1 A/IB but includes many 
new features to meet the enhanced mission requirements. 
The mission requirements for the space segment are: 

A panchromatic camera (PAN), providing 5.8 m resolu¬ 
tion and swath of 70.5 km with off-nadir steering 
capability up to ±26° to provide stereo imageries. 

A multispectral camera, called Linear Imaging Self 
Scanner-Ill (LISS-III), providing 23.6 m resolution in 
three bands, viz. green, red, near IR and a resolution 
of 70.8 m in shortwave infrared band (SWIR) and a 
swath of 142 km in the first 3 bands and 148 km in 
the SWIR band. 

A wide field camera (WiFS) working in two bands, 
viz. red and near infrared, providing a resolution of 
188 m and a wide swath of 804 km. 

To support the above payloads, the following 
mainframe elements are required: 

• A structure to house the payloads and mainframe 
elements and to give mechanical and thermal stability 
during launch and orbital phases respectively. 

• A thermal control system to provide the thermal 
control for all elements of the spacecraft as per the 
requirement of the subsystems. 

• Mechanisms to deploy the solar panel and PAN camera 
on-orbit to enable rotation/steering of these systems 
on-orbit. 

• A power system to support the functioning of all the 
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systems during the sunlit and eclipse phases of the 
orbit. 

• A control system to provide the three-axis stabilization 
to the required pointing accuracies using the reaction 
wheel for each axis within the acceptable drift rates 
and jitter. Earth, sun and inertial sensors (gyros) are 
required for sensing the attitude errors about all the 
three axes. The control system should also be able 
to provide orbit manoeuvre capability using thrusters 
for adjusting the orbit to remove the initial orbit 
dispersions arising due to the launch and also the 
orbit disturbances caused by the orbit perturbing forces 
from time to time. 

• A star sensor for accurate post facto attitude deter¬ 
mination. 

• A communication and data handling system to give 
the telemetry, telecommand, tracking (TTC) functions 
of the spacecraft and also for the payload data handling 
and transmission to the data-receiving stations. 

• An onboard tape recorder for recording the payload 
data over non visibility regions for subsequent playback 
over the ground station. 

• To provide a spacecraft reliability of 0.75 over three 
years of mission life. 

To support all the above functions, a sun synchronous 
orbit of 817 km altitude has been choosen with 10.30 AM 
as local time of equatorial crossing at descending node. 
Sun synchronous orbit ensures constant illumination of 
the scenes at a given latitude. The sun synchronous 
orbit at 817 km altitude has been chosen to provide the 
required ground station area coverage for the data, the 
required sun angle for imaging from applications point 
of view and to take care of the other constraints arising 
out of the satellite operations pertaining to the frequency 
of the orbit manoeuvre for maintaining the specified orbit. 

System features and specifications 

Payloads 

All the three payloads work in the push broom scanning 
principle, wherein the required swath is provided by 
the number of pixel elements in the charge coupled 
devices (CCD) being used as detectors and the along 
track coverage is provided automatically as the CCD 
scans along track using the satellite motion. The 
specifications of all the cameras are given in Table 1. 
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Panchromatic camera (PAN): PAN camera is a high 
resolution camera working in the panchromatic band 
(0.5-0.75 Jiim) and uses a reflective off axis optics using 
three mirrors to realize the required focal length to 
achieve 5.8 m resolution. 

The reflective optics consists of three-mirrors with a 
total field of view of ±2,47°. A three-mirror reflective 
optics has been chosen since a refractive optics will be 
too voluminous to get a focal length of 980 mm. The 
mirrors are polished to a surface accuracy of better than 
lambda/10 to provide the required modulation transfer 
function (MTF) at the Nyquist frequency of spatial 


sampling. The camera uses three 4000 element charge 
coupled devices as detectors which are mounted in a 
staggered fashion to provide a total swath of 70.5 km 
and an instantaneous geometric field of view (of each 
pixel) of 5.8 m on ground. The mounting structure of 
the optics is made of invar material to ensure the 
specified optical performance even with thermal gradients 
across the optics. 

The data from each CCD are separately processed in 
a processing electronics and all the three CCD data are 
merged subsequently in the data handling system before 
transmission to the ground. Also, a provision has been 


Table 1 . Spacecraft specifications 


Mass of the spacecraft : 1246 kg 


Payloads 



PAN 

LISS-3 

WiFS 



VNIR 

SWIR 


Spatial resolution (m) 

5.8 

(Nadir) 

23.6 

70.8 

188 

Swath (km) 

70.5 

142 

148 

810 

Spectral bands (pm) 

0.5-0.75 

B2 0.52-0.59 

B3 0.62-0.68 

B4 0.77-0.86 

B5 1.55-1.70 

B3 0.62-0.68 
B4 0.77-0.86 

No. of grey levels 

64 

128 

128 

128 

Signal-to-noise ratio 
(at saturation) 

>64 

> 128 

>128 

> 128 

Square wave response 
(at Nyquist) 

>0.20 

B2> 0.40 

B3> 0.40 

B4> 0.35 

>0.30 

B3> 0.34 

B4> 0.20 


Spacecraft platform 


Power Solar panel 

Battery 
Distribution 


720 W at end of life 
21 AH x 2 (Ni-Cd) 
DC/DC convertors 


TTC Band 

Telemetry downlink 
Telecommand uplink 
Tracking accuracy 

Data handling Chain 1 
Chain 2 
Modulation 
RF power output 

AOCS attitude pointing accuracy 

Attitude drift 
Jitter 


S-band 

1 W power output 
-llOdbm command sensitivity 
10 m in range 
10 cm/sec in range rate 

84 MBS for PAN 

42.5 MBS for (LISS-III + WiFS) 

QPSK modulation 
40 W (X-band) 

±0.15° about pitch and roll 

±0.2° about yaw 

Better than 3 x 10" 4 deg/sec 

Less than 1/10 of PAN pixel on ground 


Attitude determination accuracy 
Thrusters 

Fuel 


±0.01° using star sensor 

I Newton for attitude control 

II Newton for orbit control 
Monopropellant (hydrazine) 

84 kg 


Reaction wheels angular momentum 
Torque 

Gyroscope stability 
Onboard tape recorder storage 


5 NMS for each axis 
0.05 NM 

0.05°/h 

62 GB/21 minutes of storage 
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kept to verify frequently the responsivity calibration of 
CCDs using LEDs placed appropriately in the optics 
for illuminating the CCDs. The block schematic of PAN 
camera is given in Figure 1. 

Multispectral camera (LISS-III): The multispectral camera 
uses an eight element lens refractive optics as was used 
in LISS-I/LISS-H of IRS-1A/1B but with a focal length 
of 347 mm. The refractive optics is required for providing 
the specified field angle. The optics is individually imple¬ 
mented for each of the four bands and for band selection 
an interference filter is used in the front. 

The mounting structure of the optics is made of invar 
for the reasons of thermal stability. Each band uses 
6000 element linear silicon CCD array providing an 
instantaneous geometric field of view of 23.6 m for 
green, red, and near IR bands and a 2000 element 
Indium Gallium Arsenide CCD to provide 70.8 m for 
SWIR band. The SWIR band CCD is maintained at 
-10°C for giving the required signal to noise ratio. A 
swath of 142/148 km is provided for first three 
bands/SWIR band respectively. Each band CCD output 
is processed in a separate processing electronics before 
final merging during the data formatting at data handling 
system end. The block schematic of LISS-III is given 
in Figure 2. 

Wide field sensor (WiFS): The WiFS camera uses an 8 


element refractive optics like in LISS-III but with a 
focal length of 57 mm and a field of view of ±13°. In 
order to realize the required wide field of ±26°, two 
such cameras are mounted with overlapping pixels of 
imaging. The cameras work in two bands, viz. red and 
near IR. The detectors used are 2000 element silicon 
CCDs providing instantaneous geometric field of view of 
188 m on ground and a total swath of 804 km with two 
overlapping cameras. The WiFS data are processed separate¬ 
ly but formatted along with the LISS-III chain data. The 
block schematic of WiFS camera is given in Figure 3. 

Structure system 

The structure system not only houses various elements 
of the spacecraft but is also able to withstand the launch 
loads and provide the required mechanical integrity 
along with alignment and thermal stability. The structure 
is derived from IRS-1A/1B with a central cylinder as 
the main load-bearing element but modified to meet the 
compatibility requirements with Russian Molniya 
launcher or Indian PSLV launcher. The main platform 
of the structure consists of a central cylinder attached 
to the bottom and the top decks which are connected 
to the four vertical decks on the four sides of the 
spacecraft. In addition, a thermally isolated (from the 
main platform) payload deck is introduced in IRS-1C 
to make for better thermal and alignment stabilities for 
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the payload sensors. On the same payload deck where 
payload optics are mounted, attitude sensors are also 
mounted to provide acceptable attitude reference 
accuracies with respect to the payload pointing (optical) 
axis. Further stiffening of the IRS-1A structure using 
sheer-webs connecting the bottom and the top decks to 
increase the global longitudinal/lateral resonance fre¬ 
quency and the inclusion of a CFRP cylinder which 
thermally isolates the mainframe structure from the 
payload deck to enable the stringent thermal control 
requirements of the payload were the significant design 


modifications from IRS-1 A. The total mass of the 
spacecraft is 1246 kg out of which the structure mass 
is 138 kg. Figures 4 and 5 show the assembled and 
disassembled view of the spacecraft. 

Thermal system 

The thermal system provides the thermal control for all 
the elements of the spacecraft, where all the electronics 
packages are controlled between 0 and 40°C. All payload 
optics are controlled between 17 and 23°C with a 



Figure 2. Block schematic of linear imaging self-scanner-III. 


OPTICS 



Figure 3. Block schematic of wide field camera. 
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gradient of less than 2°C across the optics structure. 
The nickel-cadmium batteries are controlled between 0 
and 10°C to provide long life for the batteries. The 
thermal control is based on conductive/radiative coupling 
design using heaters and passive thermal control elements 
like thermal insulation blanket, optical solar reflectors 
and paints to provide appropriate thermal conduc- 
tivity/emissivity ratio for the radiative surfaces. A special 
thermal design is made for controlling the temperature 
of the SWIR band detector at -10°C using conductive 
coupling with the help of a copper braid connecting the 
device and a radiator plate facing the outer space. Separate 
thermal covers with a view port cutout are incorporated 
for each camera optics and their temperatures are controlled 
using automatic ON/OFF temperature controllers. The star 
sensor requires the detectors to be cooled to -20°C and 
this is achieved using a pettier cooler. 

Mechanisms 

The IRS-1C spacecraft contains two deployment and 
steering mechanisms. The solar panels of span length 
4.4 m on each side is to be deployed on orbit and to 
be driven subsequently using a sun sensor on the solar 
panels to track the sun. This system is the same as 
that used in IRS-1 A/IB. The new mechanism for IRS-1C 
is the panchromatic camera deployment on orbit to make 
it free for steering to provide the stereo pair of imageries 
of a scene at two different viewing angles. The PAN 



Figure 4 a. Launch configuration of IRS-1C. 
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camera and the connected steering mechanism should 
be held during launch phase to ensure that the launch 
loads are not transmitted to the steering mechanism. A 
pyro cutter cuts a metallic rope and releases the spring 
loaded clamps to release the payload from hold down 
condition. The payload-steering mechanism uses a 
diaphragm suspended shaft to offload the launch loads 
and after release uses a stepper motor using a 1 : 20 
gear ratio for steering the camera in steps of 0.09° up 
to ±26° in the off-nadir direction. Resolvers read out 
the accurate rotational position of the payload when 
payload is rotated to take the off-nadir position. The 
important requirement in this is that the camera, though 
free to rotate, should have a mechanical stability of 
less than 0.1 arcsec to avoid any jitter during imaging. 
This has been ensured by providing appropriate dampers 
about all the three axes. 

Power system 

The power system consists of two solar panels, one on 
each side making available a total area of 8.58 m 2 for 
tracking the sun and providing end of life raw power 
of 720 W to support the spacecraft. The solar panel 
uses silicon solar cells of 2x4cm size. Two nickel- 
cadmium batteries of 21 AH each support eclipse and 
peak load operations. These batteries were developed 
inhouse using procured cells. The power conditioning 
and distribution is done according to the subsystem 
requirements with an efficiency of better than 75% and 
low noise. A taper charge regulator is used for controlling 
the charging of the battery. 

Communication and data handling 

The communication system caters to both the downlink 
and uplink communication requirements from/to the 
spacecraft. The uplink consists of the telecommand link 
providing 704 ON/OFF and 46 data commands whereas 
the downlink caters to the house keeping telemetry 
providing about 1000 channels. The above two com¬ 
munication links are also used for sending range tracking 
tones to track the spacecraft by determining the range 
and range rate of the spacecraft with respect to the 
ground station providing an accuracy of 10 m in range 
and lOcm/sec in range rate. The TTC link works in 
S-band through an onboard near omni antenna. The 
telemetry, telecommand and tracking system are derived 
from IRS-1A/1B but with a mission specific design. 

The data handling system provides for payload data 
telemetry downlink for all the three payload cameras. 
The data handling system formats the payload data into 
84 MBS data format for PAN camera and 42 MBS 
format for USS-III + WiFS data. The data QPSK modu¬ 
lates the individual x-band carrier for each chain and 
the modulated carrier is amplified using a travelling 

505 



SPECIAL SECTION: IRS-1C 


wave tube amplifier to provide 40 W of transmission 
power and is radiated through a shaped beam earth coverage 
antenna. The data handling system along with QPSK 
modulators is newly developed inhouse for IRS-1C. 

Onboard tape recorder 

An onboard tape recorder has been incorporated in the 
spacecraft to provide for recording of the payload data 
over areas of interest as required by the users, without 
any visibility constraint from the ground station. The 
data thus recorded using a time tag command can be 
played back when the spacecraft is visible over the 
ground station. The capacity of the tape recorder is 
such that about 21 minutes of payload data can be 
recorded in a single or multiple segments, providing 
64 G bits of storage. 

Attitude and orbit control system (AOCS) 

The attitude control system provides for control of the 


spacecraft in different phases. During the initial phase, 
the spacecraft (and solar panels) should be controlled 
in sun acquisition mode till the spacecraft is 3-axis 
stabilized in the subsequent orbit. In 3-axis stabilized 
mode, the control system uses many sensors in the 
control loop. While the controlling sensors are gyroscopes 
in all the three axes, they are frequently corrected for 
their inherent drifts using pitch, roll and yaw sensors. 
The gyroscopes developed for IRS program are dry 
Dynamically Tuned Gyroscopes (DTG) providing low 
drift and long life. The pitch and roll errors are measured 
by earth sensor, sensing the earth radiation in 14-16 |Lim 
band whereas yaw error is sensed by a sun sensor. The 
systematic errors seen in the earth sensor arising due 
to the earth oblateness, eccentricity of the orbit and 
earth radiance variations can also be corrected in IRS-1C 
using a systematic error correction package. The 
schematic of AOCS is given in Figure 6. The actuators 
for attitude control are 1 Newton thrusters for coarse 



Figure 4 b. Assembled view of IRS-1C. 
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Figure 5. Dis-assembled view of IRS-1C. 


attitude control (in the initial phase) and reaction wheels 
for fine attitude control about each axis in the normal 
phase. The control system is designed around both 
software-based/hardware-based systems. While hardware- 
based system is identical to IRS-1 A/1 B, the software- 
based system is developed for low earth orbit application 
in IRS-1C timeframe. The software system is based on 
linear controllers for all the axes, while the hardware 
system is based on pulse width pulse frequency modula¬ 
tion (PWPFM) controllers. The software system using 
the linear controllers and an update Kalman filter can 
give better pointing accuracy and drift stability compared 
to hardware system. Many control modes, viz. update 
Kalman filter, relative quarternion and dynamic observer 
are built into the control schemes, which can be selected 
as the situation demands. The new elements developed 
for IRS-1 C are 3 gyro cluster configuration, processor- 
based control system for low earth orbit and certain 


elements of reaction control system like latch valves, 
filters, thermocouples, etc. The specifications of attitude 
control system are given in Table 1. 

The orbit control system is a part of the same control 
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Figure 6. Schematic of IRS altitude orbit control system. 


CURRENT SCIENCE, VOL. 70, NO. 7, 10 APRIL 1996 


507 












SPECIAL SECTION: IRS-1C 


system which is being used for removing the initial 
launch dispersions and frequent orbit adjust manoeuvres 
resulting from orbit disturbances due to many perturbing 
forces. This system uses large angle manoeuvre of the 
yaw axis of the spacecraft and firing of 11 Newton 
thruster mounted along the negative roll axis. Depending 
on the out of plane or inplane corrections required, the 
spacecraft is tilted (by 90°) or not, before the firing of 
11 Newton thruster. This scheme of large angle yaw 
manoeuvre and 11 Newton thrusters are developed for 
IRS-1C spacecraft. All thrusters use monopropellant 
(hydrazine) for generation of the thrust when the 
hydrazine gets decomposed when it is passed through 
the thruster catalyst bed. 

A star sensor which can provide pitch, roll and yaw 
attitudes to an accuracy of ±0.01° has been developed 
for IRS-1 C based on area array CCD. Two such star 
sensor heads are deployed in the spacecraft to increase 
the number of stars sighted at any given time. The star 
sensor can sense stars of 5th magnitude. The semi- 
processed data are downlinked for attitude computation 
on ground using the star catalogue. 

Realization stages 

The realization of IRS-1C took about six years including 
the development of the new elements and their qualifica¬ 
tion. The steps followed in the realization of IRS-1C are: 

a) Define the mission objective/mission requirements, 

b) Derive specifications for the payloads and the 
spacecraft. 

c) Conduct tradeoff studies to select appropriate con¬ 
figurations for various systems. 

d) Baseline/preliminary design. 

e) Review of baseline/preliminary design for further 
configuration control. 

f) Configuration control mechanisms to. analyse any 
further changes in the configuration/design proposed 
during implementation phase to take a view for a 
decision to accept or reject such proposed changes. 

g) Development of the new systems and their qualifica¬ 
tion through the environmental conditions. 

h) Critical design review to verify the adequacy of the 
design for its duplication in the flight model. 

i) Flight model realization and integrated testing of the 
systems at the spacecraft level and environmental testing. 

j) A preshipment/flight readiness review to verify the 
adequacy of the flight model test results before clearing 
the spacecraft for shipping to the launch site and sub¬ 
sequent flight. 

Model philosophy 

The model philosophy consisting of several models was 
decided for the qualification of the new design. The 
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structure/thermal/engineering model was meant for th 
structural qualification in terms of static and dynami 
mechanical load tests. The engineering cum thenru 
model is realized with live qualified systems with th 
same power dissipation as in the flight model. Thi 
model goes through all the electrical integrated tests i 
spacecraft level and also the environmental tests lik 
thermovacuum test, vibration/acoustic test, to verify th 
performance of the system (Figure 7). Also, the sam 
spacecraft is put through a solar simulation test, wher 
the spacecraft is tested in a vacuum chamber with su 
illumination using a sun simulator (Figure 8). The thernu 
performance of the spacecraft and various systems ai 
verified using this test. Following this, the flight modt 
was realized and tested through the complete acceptanc 
tests. 

Quality and reliability aspects 

Ensuring the quality of the subsystems which final] 
results in their reliable performance in orbit is tl 
essence of the implementation. Steps to achieve th 
include review by expert committees for design adequac; 
selection and procurement of parts and materials of tl 
required quality levels, upgradation of non standard par 
by in-house screening, adopting only the qualifu 
fabrication processes with the QC inspection at evei 



Figure 7. IRS-1C in vibration test. 
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Figure 8. IRS-1C in solar simulation test. 


stage, and testing the elements at the sub-assembly and 
the assembly levels. 

The process of getting the final product is not smooth 
and many a times, quality problems are faced which could 
be because of the non-availability of proper parts and 
materials, design inadequacy showing up and any variation 
in the approved fabrication process. In all such cases, the 
problems are analysed, causes are identified and solutions 
are applied to satisfy the laid-down project requirements. 


Management aspects 


fabrication and test duration of the flight systems. The 
PERT network analysis is used for arriving at optimistic, 
realistic and pessimistic time schedules. The optimistic 
schedule forms the baseline schedule and the critical path 
is closely monitored and corrective actions are taken when 
necessary by assigning priorities and allocating the resources 
in order to meet the end dates. Due to technical problems 
in the new developments, delays do occur which are 
compensated to some extent, by work around plans. The 
schedule control mechanism is mainly based on periodical 
status reviews by senior functionaries. 


The matrix management system was followed for mana¬ 
ging the IRS project, wherein focus on project activities 
by the designated project personnel and the availability 
of the specialized technical expertise from the functional 
groups for all the projects running concurrently m the 
centre were used. Better utilization of resources is 
possible in the above system of management. 

Planning and schedule 

The project schedule is worked out at the beginning of 
the project, considering the new developments required 
for the various subsystems. The schedule is mainly 
dictated by the development phase followed by the 


Conclusions 

The IRS-1 C spacecraft has been realized, launched and 
operationalized on orbit successfully. The on-orbit per¬ 
formance indicates that the systems, supporting the mis¬ 
sion have worked meeting their specifications and good 
quality imageries have been transmitted by the spacecraft. 
The IRS-1D spacecraft is planned to be launched duting 
1997_98 to provide the continuity of data to the useis. 
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Cameras for Indian remote sensing 
satellite IRS-1C 
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As a part of its commitment to use space technology 
for national development, Indian Space Research Orga¬ 
nization has successfully developed and placed four 
operational Remote Sensing Satellites, IRS-1A, IB, P2 
and 1C in orbit The first two satellites carried 4-band 
CCD cameras to image the earth from polar sun 
synchronous orbits at spatial resolutions of 72 and 36 
m respectively. IRS P2 carried a 4-band 36 m resolution 
camera. The data from these remote sensors have been 
extensively used by a variety of user agencies in various 
programmes for national development. 

To expand and continue the operational services to 
the user community, ISRO launched the second genera¬ 
tion IRS satellite IRS-1C on 28 December 1995, with 
significantly increased capabilities for remote sensing. 
The IRS-1C carries three distinct and mutually comple¬ 
menting imaging payloads, providing considerable 
improvements in spatial resolution, spectral coverage, 
and capability for stereoscopic imaging. Improved 
temporal resolution is catered for through the inclusion 
of a sensor with a wide field of view coverage. In this 
article we briefly survey the design features of these 
three cameras. 


Iindia has been pursuing a well laid out policy of using 
space programmes for the economic benefits of the 
country. Pursuant to this policy, Indian Space Research 
Organization successfully developed and launched the 
operational first generation remote sensing satellite IRS- 
1A in March 1988. This satellite carried two imaging 
payloads with Linear Imaging Self-Scanning (LISS) sen¬ 
sors. The remote sensing instruments on IRS-1 A consisted 
of: 

- A LISS-I camera operating in four bands in the 
0.45-0.86 jam region with geometric resolution of 
72.5 m and a swath of 148.48 km. 

- Two LISS-II A/B cameras operating in four bands, 
similar to LISS-I but with a geometric resolution of 
36.25 m and each with a swath of 74.24 km. The 
fields of view of the two LISS-II cameras were 
displaced laterally so as to provide a combined swath 
of 145.48 km with an overlap of 3 km. Both, LISS-I 
and LISS-II operated in the push-broom scanning 
mode using linear CCD arrays of 2048 elements. 

A second satellite IRS-1B, similar to IRS-1A, was 


launched in August 1991. A third operational remote 
sensing satellite IRS-P2 was launched in October 1994 
using the Polar Satellite Launch Vehicle (PSLV) 
developed by ISRO. IRS-P2 carried only the LISS-II 
camera, now modified to provide the combined swath 
of LISS-II A/B of IRS-1A/1B in a single optics module. 

IRS-1B and IRS-P2 are presently in use providing 
information on earth resources to various user agencies 
on an operational basis. The IRS-1C carries three distinct 
and mutually complementing imaging payloads which 
enhance the capabilities of IRS-1 C as compared to 
IRS-1A/1B in terms of spatial, spectral and temporal 
resolutions. 


Camera configurations 

IRS-1C spacecraft carries three cameras: Panchromatic 
camera (PAN), Linear Imaging Self-Scanning sensor 
(LISS-3) and Wide Field Sensor (WiFS). 

All the three cameras operate in the push-broom 
scanning mode employing linear array charge coupled 
devices. 

The PAN camera provides a spatial resolution of 
5.8 m at nadir and operates in a single (0.5-0.75 pm) 
panchromatic spectral band. This camera covers a ground 
swath of 70 km which is steerable up to ± 26° from 
nadir in the across track direction. This off-nadir viewing 
provides the capability to acquire stereoscopic pairs from 
two different orbits and an ability to revisit any given 
site with a maximum delay of five days. 

The LISS-3 camera is a multispectral system operating 
in four spectral bands, three in the visible-near infrared 
(VNIR) range which are identical to B2, B3 and B4 
of IRS-1 A/IB and one in short wave infrared (SWIR)- 
band B5. LISS-3 provides a ground resolution of 23.5 m 
in VNIR and 70.5 m in SWIR with a swath of 141 km 
and 148 km respectively for VNIR and SWIR. 

The WiFS camera has a spatial resolution of 188 m 
and covers a swath of 804 km. This wide swath coverage 
results in a repeatable observation of the same ground 
location after every 5 days. The WiFS operates in the 
B3 and B4 spectral bands of LISS-III (0.62-0.68 pm 
and 0.77-0.86 pm). Table 1 summarizes the specifications 
of the three IRS-1C camera systems. 


510 


CURRENT SCIENCE, VOL. 70, NO. 7, 10 APRIL 1996 3 


SPECIAL SECTION: IRS-1C 


The optical subsystems 

Quite early in the design study it was apparent that the 
high spatial resolutions and sizable field of view required 
for the PAN camera cannot be met by the traditional 
centrally obscured reflector telescope designs. Weight 
and volume considerations also precluded designs with 
Schmidt correctors. The PAN camera uses an all reflec¬ 
tive off axis f/4.5 unobscured three mirror telescope of 
980 mm focal length. The optical design features an off 
axis primary hyperboloid mirror, a spherical secondary 
mirror and an off-axis ellipsoidal tertiary mirror. By 
using off-axis sections of conic surfaces, obstruction of 
the incoming radiation is avoided, resulting in higher 
modulation transfer function for a given aperture. The 
optical configuration is shown in Figure 1. Since the 
image format (85 mm) is too large to be covered by a 
single CCD, an arrangement of 3 CCDs is used to 
cover the full swath using a reflective prism. The 
configuration of the PAN camera is shown in Figure 2 
and Figure 3 shows the flight instrument of PAN camera. 

The LISS-III and WiFS cameras are realized using 
refractive optics. In the case of LISS-III, the camera 


Tabic 1. Features and specifications of cameras of IRS-1C 

Specifications 


Parameter 

PAN 

LISS-III 

WiFS 

Instantaneous geometric 
field of view (m) 

5.8 

B2 ] 

B3 r 23.5 

B4 J 

B5 70.5 

188 


Swath (km) 

70 

140 

804 

Spectral band (pm) 

0.5-0.75 

B2 0.52-0.59 

B3 0.62-0.68 

B3 0.62-0,68 



B4 0.77-0.86 

B5 1.55-1.70 

B4 0.77-0.86 

Camera SWR 

>20 

B2> 40 

B3> 35 

(at nyquist 
frequency) 


B3> 40 

B4> 35 

B5> 30 

B4> 30 

Quantization (bits) 

6 

7 

7 

SNR (at saturation 

>64 

>128 

> 128 

radiance) 

Saturation radiance 

47 ±2 

B2 29+ 1.5 

B3 28+ 1.5 

(mw/cm 2 -sr-|im) 


B3 28 ± 1.5 

B4 31 + 1.5 

B5 3.5+ 0.3 

B4 31 + 1.5 

Size (EO module) (mm) 



250 

Roll 

605 

455 

Pitch 

903 

522 

335 

Yaw 

861 

500 

170 

Weight (kg) 


76 

18 

EO module 

105 

Camera 

125 

95 

23 

Power 



22 

Imaging mode 

55 

74 

Calibration mode 

65 

78 

— 

Data Rate (Mbps) 

84.903 

35.7904 (VNIR) 

2.0616 


1.3906 (SWIR) 


for each band is realized using a lens with the detector 
at its focal plane. The basic design of all the four 
lenses of LISS-III is similar. The lens design is derived 
from the double Gauss architecture and is optimized 
separately in each spectral band to obtain the best MTF 
performance. The design features a very low sensitivity 
of effective focal length (EFL), flange focal distance 
and stability of collinearity to temperature variation. 

The lenses for bands B2, B3 and B4 are f/4.35, with 
a focal length of 347.5 mm and operate at 50 lp/mm; 
whereas band B5 has focal length of 301.04 mm and 
is f/4.35 operating at 20 lp/mm. 

Hard coated 4 cavity interference filters have been 
used in these lenses for spectral selection, and an 
entrance thermal filter, made of fused silica, makes one 
degree angle with the optical axis of the lens assembly 
to avoid ghost images at the CCD plane. The LISS-3 
flight instrument is shown in Figure 4. 

The total field to be covered by the WiFS camera is 
52°. If this were realized using single lens for each 
band, due to large variation in the incidence angle at 
the interference filter, there would be a considerable 
shift in the band edge positions over the field of view. 

To minimize the above effect, the total FOV is realized 
by two lenses for each band. The two lenses are mounted 
with their optical axes canted 13 either side of nadir. 
The basic optical design is similar to LISS-III except 
for the focal length of 56 mm. The WiFS camera is 
shown in Figure 5. 

Detector assembly 

The choice of the CCD device depends on element size, 
array length and read out configuration etc. CCDs are 
available in various element sizes from 7 pm X 7 p.m. 
The element size decides a number of important system 
parameters such as focal length of the optics, spatial 
frequency of operation, F/no. of the optics, pixel size, 
number of pixels per detector and the number of CCD 
output ports. 

Three 4 K, 4 port, 7 pm x 7 pm linear array CCDs 
operate at 70 lp/mm in the PAN camera. A metallic 
strip is provided at the back of the detector for detector 
mounting, and also serves as a heat sink. 

The CCDs selected for PAN have the drawback of 
leaving a small residual signal at the photosite even 
after a read out. This would produce a radiometric error 
and an along track smear. To overcome this problem 
a constant optical bias is provided creating a fat zero . 

The detector, optical butting prism, LEDs for optical 
bias and calibration and a thermistor for monitoring the 
temperature are suitably mounted on the detector heads. 

The detector for VNIR bands of LISS-III is a 6000- 
element linear silicon CCD array with pixel size of 
10 pm x 7 pm with 10 pm pitch. The SWIR band (B5) 
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Figure 1. Optical schematic of panchromatic camera. 


uses a linear array of Irridium Gallium Arsenide as the 
photon detector and silicon CCDs as shift registers for 
the read out. The 2100-element linear array is made up 
of 7 modules of 300 elements, each with element size 
of 30 |~im x 30 \im at 26 |im pitch. The even and odd 
pixels are staggered with an along track separation of 
52 p.m. The SWIR detectors are cooled to -10°C to 
reduce thermal noise and thus improve the signal to 
noise ratio. The detector for each band is mounted on 
separate detector heads each with its own calibration 
LEDs. The detectors are mounted rigidly on the electro- 
optical head structure enabling geometrical registration 
between them and the final adjustment is done by 
moving the head as a whole relative to a reference 
band. 

The WiFS camera uses two pairs of lenses, each in 
conjunction with its 2 K, 13 pm x 13 pm size linear CCD 
detector. 


Camera electronics 

The system and sub-assemblies of IRS-1 C camera 
electronics are custom-designed to meet the detector 
requirements, payload specifications and the stringent 


space hardware requirements. The system is configured 
to achieve detector/quantization noise limited system 
performance and high reliability. The electrical band 
width and the configuration are selected in such a way 
that the electrical system does not reduce the MTF and 
cause any inter detector/band misregistration. The other 
considerations in the electrical design are avoidance of 
single point failures leading to a loss of the entire 
camera data, minimum volume, low power consumption, 
ease of fabrication/inspection and testability. 

The typical configurations of PAN, VNIR, SWIR and 
WiFS camera electronics are given in Figure 6. It 
consists of timing and control logic, detector drive 
electronics, video-processors, calibration electronics and 
spacecraft interface. The VNIR camera electronic system 
is similar to that of PAN except for the fewer number 
of ports and non insertion of ‘fat zero’. 

Considering the complexities of baseband signal hand¬ 
ling at high frequencies, power dissipations and asso¬ 
ciated component temperature rise, camera electronics 
of each of the detectors are realized as separate and 
identical units. Black painted aluminum sheets, inserted 
between the boards, contain temperature rise of high 
power dissipating subassemblies and electrical inter¬ 
ference. The detector drive electronics including the bias 
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generators, clock drivers and pre-amplifiers are housed 
in a separate package for each detector and are located 
close to the respective detectors. 


Timing and control logic 

The timing and control logic generates various clocks 
required for detector operation, commands for signal 
processing, onboard calibration, etc., using the bit late 



Figure 2. PAN EO-module. 


clock (BRC). The logic systems have cold redundancy 
and main and redundant systems are cross coupled to 
enhance the reliability and improve the operational 
flexibility. The clock frequencies of all the cameras are 
derived from a single source to achieve synchronization 
and improved system noise performance. Considering 
the high frequency of BRC, the sensitivity of camera 
performance to timing delays and the timing logics are 
realized with FTTL and LSTTL devices. Panchromatic 
electronics is designed around 4 K CCD with four output 
ports, all the four ports of a detector are readout 
simultaneously to optimize the performance. 

VNIR makes use of 6 K, two port silicon CCDs. The 
CCD clock transitions are aligned to the accuracy of 
few nano-seconds to minimize interference within the 
detector. 

The seven modules of SWIR detector are readout 
sequentially to minimize processing hardware. The inter 
clock delays are very critical, in this detector, for the 
realization of the optimum detector performance. Each 
module of the detector is readout such that 72 extra 
pixels are available for each of the set of 150 useful 
pixels of a port. This enables derivation of pre-load 
and provides dummy words required for the data rate 


matching. 

A common logic controls all the four CCD 143A 
detectors of WiFS. Both the ports of a detector are 
readout simultaneously with 180° phase delay, thereby 
facilitating time multiplexing of video hardware. As the 
dark signal of CCD is significant, the system dynamic 
range is improved by over sampling the scene in the 
alon<* track direction. The transmitted data of the detec¬ 
tors are spaced out and the detectors are physically 
offset in the focal plane. 

Data generated by the three VNIR bands, a SWIR 
band and the WiFS are formatted and transmitted 
together. The readout rates of these detectors are selected 
to match the generation and the transmission rates of 



Figure 3. Panchromatic camera. 
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Figure 4. Linear imaging self-scanning III camera. 
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data with no memory elements for VNIR and minimum 
memory in case of SWIR and WiFS. Accordingly, 
additional dummy pixels are introduced in the readout 
to facilitate the formatter design. 

Detector drive electronics 

This provides various bias voltages and clocks lequiied 
for the CCD operation. The bias voltages are derived 
using a linear regulator - capacitive multiplier filter to 
ensure low noise on bias lines. The circuit configuiation 
is tuned for bias voltage, load, noise and tolerance re¬ 
quirements of each of the detector types. The DC and 
AC load requirements are met with appropriate current 
boosters and bypass capacitors. Current limiting is incor¬ 
porated on some of the critical lines. PAN detectors aie 
illuminated by constant DC current-driven LEDs for ‘fat 
zero’ insertion and improve along track MTF performance. 

The TTL clocks generated in timing logic are buffered 
in clock drivers to meet the simultaneous CCD drive 
requirements of large voltage swings, high capacitive 
loads and fast rise/fall times. The clock drivers are 
powered through an on-card linear regulatoi with high 
ripple/spike rejection to eliminate the asynchronous noise 
on clock levels. The negative spikes on clock low levels 
are arrested to contain charge injection into shift registers 
and the dark signal. 

Video processing electronics 

The video processing involves amplification, DC res¬ 
toration, true video extraction, multiplexing of ports, 
digitization and realization of detector/quantization 
limited noise performance. The detector-generated signals 
are of PAM type superimposed on about 11V DC. The 
signals are AC coupled and pre-amplified close to the 
detector to minimize noise pickup at low signal levels 



and to reduce the settling time degradation due to high 
output impedance of the detector. No additional sample 
and hold is warranted, due to the PAM nature of the 
signals. The processor bandwidth has to be high to 
realize ion settling time for ±0.5% error band. The 
larger bandwidth requirements necessitated use of very 
low noise components and optimal circuit configurations. 
The system saturation can be set, in the range of 1:3.5, 
by telecommanding the programmable gain amplifier. 
The overall gain of processor is selected taking into 
consideration the efficiency of optical system, detector 
responsivity, integration time and the full scale range 
of ADC. The stability of the amplifiers is ensured with 
detailed modelling, optimized placement, test selection 
of the devices, precise trimming, and detailed testing 
at various stages and environments. 

Precise DC restoration of the high speed coupled 
signals is carried out for each pixel w.r.t. the reference 
level with fast switching, low charge injection CMOS 
switches, low soak hold capacitor and FET input fast 
settling op-amps. The true video extraction in PAN 
involves subtraction of a bias signal corresponding to 
the introduced ‘fat zero’. 

The InGaAs detector of SWIR produces ‘reverse 
video’. The true video extraction involves accurate meas¬ 
urement of the preload signal, storing the same in 
memory and subtracting it from the readout signal in 
the subsequent line. The preload signal is measured 
after subtracting a reference voltage just less than the 
lowest preload encountered by the processor, amplified 
and' digitized for enhanced accuracy. Fault tolerance 
with respect to the localized failures/single event upsets 
of the preload storage CMOS memory is incorporated 
by provisions of page selection. 
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Figure 5. WiFS camera. 


Figure 6. Block schematic of camera electronics. 
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Separate video processors are realized for each of the 
ports of PAN and VNIR detectors wherein the high-speed 
readout results in very small usable pixel time. Sequential 
readout of the shift registers, analogue multiplexing of 
pre-amplified odd/even channels separately optimize the 
hardware in SWIR. The DC restored odd/even channels 
of WiFs are analogue-multiplexed. 

Digitization is accomplished using successive approxi¬ 
mation ADCs in WiFS and SWIR electronics while 
flash CMOS converters digitize the high-speed signals 
of PAN and VNIR cameras. The parallel data of ADCs 
are latched, buffered, serialized, word multiplexed, for¬ 
matted and stored/transmitted. 

Mechanical configuration 

In order to have good dimensional stability under varying 
temperatures, the EO module on which the optics and 
detector are mounted are made of Invar (thermal coef¬ 
ficient of expansion 1.5 xlO' 6 ). The PAN camera EO 
module is basically a cylindrical structure of 630 mm 
inner diameter with an extended bracket for supporting 
the primary mirror mount. 

In order to scan ±26° field of view w.r.t. nadir, the 
optical axis is tilted by rotating the whole payload. The 
whole platform can be rotated with a step size of ± 0.09 
up to ±26°. The total time required to cover -26° to 
26° is 30 minutes. 

The EO module of LISS-ffl (Figure 4) is made out of 
a single block of forged INVAR material scooped from 
inside. The lenses are mounted on one face of the main 
structure and the detector heads are mounted on the 
opposite surface. The three detector electronics (DE) boxes 
meant for MIR band are mounted on the side face of the 
main structure towards the positive pitch direction. 

Two DE boxes, one each for band 3 and 4, are 
mounted on the top surface of the main structure. The 
DE box meant for band 2 is mounted directly on the 
spacecraft just behind the band 2 detector head. The 
entire EO module is enclosed in a thermal cover fixed 
on the deck. Four hoods, one for each lens, are mounted 
on this thermal cover. The EO module is fixed on the 
spacecraft deck by six lugs provided on the main structure. 

The EO module of WiFS camera is made of Invar 
plates in a box structure. The lens plates and detector 
plates are canted at ± 13°. WiFS EO module also carries 
four hoods, one for each band. 

Inflight calibration 

The calibration system is required to correct the response 


variations of individual detector elements over a dynamic 
range of interest. Accordingly, all the elements of a 
detector are uniformly illuminated at various intensity 
levels to derive radiometric correction coefficients. About 
six uniform exposures with source stability better than 
0.4% are required to characterize the response. An 
elaborate ground calibration system satisfying all the 
above requirements is developed and the response of 
detector elements characterized. With this, the onboard 
calibration data are required only to study the degradation 
of the camera system, if any. 

The inflight calibration of the entire camera system, 
including the optics, can be achieved only by using a 
moving mechanism to bring the calibration source into 
the field of view of the optics. Considering these aspects, 
it was planned to calibrate the cameras, excluding the 
optics, during the night passes. 

LEDs are selected as calibration sources and operated 
in pulsed mode to achieve higher intensities and facilitate 
linear intensity control with both the exposure durations 
and forward currents. They are placed close to the CCDs 
due to low power dissipation and small size. 

The calibration sequence with pulsed mode illumination 
is achieved using digital circuitry and repeats every 
2048 scan lines. The detector integrates the incident 
light during an integration period for exposure pulse 
widths less than the read out period and generates signal 
proportional to the pulse width and intensity. The LED 
exposures are spaced out to give 1/8 duty factor and 
are selectively turned on/off to get six non-zero exposures 
with two pulse widths. A switched constant current 
source provides required current drive to the LEDs. 

The calibration system enables functional verification 
of onboard electronic hardware and ground systems, 
photosite to shift register crosstalk of the detector and 
BER of the entire transmission chain. 


Concluding remarks 

IRS-1C payloads have been operating in orbit since 5 
January 1996 sending excellent imagery. The specifica¬ 
tion parameters have been met based on primary analysis. 
The detailed and quality analysis is in progress. 
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S. K. Shivakumar, K. S. Sarma, N. Nagarajan, M. G. Raykar, H. R. Rao 
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The IRS-1 C mission planning activities began with the 
payloads choice as per mission objectives derived 
through users’ requirements. Detailed mission specifi¬ 
cations were drawn up for both space and ground 
segment elements of the mission after detailed mission 
analysis. The world referencing schemes for all 
payloads have been designed to enable users to specify 
the required data. A knowledge-base and graphical 
representation of spacecraft subsystems are some of 
the new features introduced for spacecraft health 
analysis. This article details the spacecraft operations 
carried out in the launch and early orbit phase and 
also on the performance of the spacecraft subsystems 
in-orbit. 


The mission planning efforts for the IRS-1C began with 
the studies for a mission with high resolution capabilities, 
better than IRS-1A/1B. Commensurate with the mission 
objectives set—high resolution, revisit capability, con¬ 
tinuity of data services and so on—the payload choice, 
orbit and attitude analysis, spacecraft mainframe require¬ 
ments, operational requirements of payload and onboard 
recording, launcher interfaces and associated ground 
segment system details were worked out. The study 
efforts were firmed up into exact mission specifications, 
detailed spacecraft configuration, mission operations 
profile, mission software, ground stations network, data 
products specifications, volume, processing and dissemi¬ 
nation details in the course of the IRS-1C project. The 
mission planning activities involved integrating and in¬ 
terrelating the efforts of both space and ground systems 
to realize the operational system which would provide 
the continuity of satellite-based remote sensing data 
services in India. As the systems evolved, the IRS-1C 
mission evoked enough interest in the global scene and 
is now on its way to become a ‘global mission. 

Mission specifications 

After detailed studies, analysis and trade-offs, the mission 
specifications were arrived at. The specifications were 
laid down for orbit, orbit maintenance, attitude and 
attitude rates, data product types and accuracies, payload 
system specifications like signal-to-noise ratio, square 
wave response and mainframe systems specifications for 


meeting power balance, fuel balance, link budgets and 
thermal regimes of operation for various operations. 
Table 1 provides the salient mission specifications. 

Orbit and attitude 

IRS-1C being a continuation in the series of remote 
sensing satellites, its orbit choice has to fall into the 
category of sun-synchronous orbit with descending node 
chosen for imaging and equatorial crossing time being 
10.30 a.m. The only parameter chosen was the altitude 
and corresponding inclination to achieve sun-synchro¬ 
nism. The choice of altitude was mostly governed by 
the high resolution PAN camera. The technically assured 
realizable system for panchromatic camera at the time 
of decision was limited to near about 1 m in focal 
length. With this in mind and the required resolution 
of better than 10 m, orbit classes of 700 and 800 km 
were examined in detail. In addition, a repetitivity better 
than 30 days for multi spectral camera, 5 days for WiFS 
camera and a revisit of 5 days or better for PAN camera 
were also considered. The frequency of orbit manoeuvres 
to be 30 days or more was also specified. With the 
above considerations and keeping in view the contem¬ 
porary missions of other space agencies, a sun- 
synchronous orbit of 817 km was chosen as the orbit 
for IRS-1C. It was analysed for all details like sun-angle 
variations, eclipse characteristics, ground stations’ 
visibilities, clashes with other IRS missions over data 
reception station, attitude sensors mounting and fields 
of view. Under orbit analysis the effects of off-nadir 
viewing on PAN imagery like sun glint, world referencing 
scheme and orbit determination error analysis were also 
carried out. The pass pattern of IRS-1C which is different 
from IRS-1A/1B and the PAN off-nadir viewing geome¬ 
try are shown in Figures 1 and 2. 

Attitude analysis led to specifications on the pointing 
and drift rates of the platform. Considering that browse 
products should be accurate to at least 3 km, providing 
for temporal registration of data collected in different 
cycles and also accounting for sidelap requirements, the 
specifications for pointing were fixed at 0.15° in roll 
and pitch and 0.2° in yaw. 

Drift rate specifications arrived at for IRS-1C involved 
the following: 
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Table 1. Salient mission specifications 


817 km 

98.69° 

10:30 AM 

Within 1 km of 
referencing scheme 


±5 min 
24 days 


Attitude 


Pointing 

Pitch 0:15° (3 sigma) 
Roll 0:15° (3 sigma) 
Yaw 0.20° (3 sigma) 


Drift rate 

Better than 3 X lCT 4 deg/s on all axes 


Orbit and maintenance 

Attitude 
Inclination 
Local time 
Node descending 
Ground track 


Local time 
Repetivity 

Revisit 

Determination 
Frozen perigee 

Power margin • 

Fuel margin • 

Link budget 

Payload tempo 

Battery temperature : 

Payloads 

SNR 

SWR 


5 days 

Better than 900 m (3 sigma) 

20 % 

15 kg 

Better than 3 dB for all links 
Better than 1 in 10“ 5 BER 
for all links 
20±3"C gradient 1°C 
2±2°C 

pan liss-iii 

>64 >128 

>20 >35 


Determination 
0.01° for star sensor 
0.07° for earth sensor+ gyro 
Location accuracy 1500 m 


SWIR 

>128 

>30 


WiFS 

>128 

>30 



Figure 1. General trace pattern. 


insiderations of PAN mosaicing, i.e. stitching 
er 3 strips of 23.3 km and to make a composite 
of size 70 X 70 km but still retaining its geometry 
idiometry intact, considering the fact that the 
ip is displaced by 8.6 km with respect to outer 


(b) Internal distortion in a scene of 10 s to be less than 

1 pixel. cn 

(c) Local distortion during imaging for about 200 ms 

to be less than 0.1 pixel. . 

(d) Pixel distortion due to attitude rate should be less 

than 10%. 
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Specification (a) works out to be more severe than 
(b), (c) and (d). Hence (a) was chosen as the design 
goal. The other factors which contribute to these specifica¬ 
tions are the type of controllers used in the onboard 
attitude control system and the accuracies achievable by 
reference and update attitude sensors. The drift rate 
specification was given as 3 x 10 -4 deg/sec with a design 
goal of 1 x 10' 5 deg/sec. Towards this, a measurement 
circuit for drift rates in all the axes was also included to 
provide rates in steps of 10~ 5 deg/sec. The fine rate infor¬ 
mation from each gyro axis was included in the video 
data stream as part of the auxiliary data. This fine rate 
data would be useful in attitude determination using earth 
sensor and gyro, attitude determination using star sensor 
(especially for filling the duration of star gaps) and further 
in swath modelling and geometric corrections efforts during 
data products generation. 

World referencing scheme and coverage 

Path-row referencing scheme covering the entire globe 
has been worked out for IRS-1 C mission also. The 
ground trace of the orbit is called a 'path’. In a 24-day 
cycle, the satellite completes 341 orbits. Thus, for ref¬ 
erencing, 341 paths have been identified. Path 1 is 
assigned to the track which is at 29.7° W longitude. 
Choice of path 1 was guided by the requirement to 
avoid overhead pass over Shadnagar. Since it occurs 
between two nominal paths. 

Along a path, the data are segmented into a number 
of scenes of convenient size. The lines joining the 
corresponding scene-centres of different paths are parallel 
to equator and are called ‘rows’. 


Since the sensors of IRS-1C have different swaths, 
it is required to have a different referencing scheme 
for each sensor. 

Figure 3 shows the scene layout of LISS-III (visible 
and NIR bands), LISS-III SWIR band and PAN scenes 
within one WiFS scene. The LISS-III (SWIR) scenes are 
framed such that their length is the same as LISS-III 
(VINIR) scene though its breadth is 7 km more than a 
LISS-m (VINIR) scene. As the swath of WiFS is very 
large, there is a side lap of about 85% between adjacent 
paths at equator. Similarly the overlap between adjacent 
rows is 676 km. The huge overlap between WiFS scenes 
of adjacent paths results in repeated coverage of the same 
area in a given cycle. A given scene can be covered 
completely on its day of pass and also by a combination 
of two scenes acquired on different days during the cycle. 

The referencing scheme of PAN has evolved around 
the LISS-III scene centre. Further, each LISS-III scene 
can accommodate four PAN full scenes designated as 
A,B,C and D. The PAN scenes will be referred to by 
the same path and row numbers as that of LISS-III 
along with suffixes A, B, C and D. This layout for 
PAN is chosen for referencing scheme only. PAN sub¬ 
scenes are depicted in Figure 4. 

The configuration of PAN camera is such that, in the 
nadir view, the PAN scene centre will fall in the ground 
trace of LISS-III. It is evident that scenes A and B are 
partially covered in the nadir view. Because of the 
steerability, complete data corresponding to A and C 
or B and D can be acquired fully by tilting the camera 
at ±2.48° from nadir. Such a coverage is planned for 
India and is expected to be completed in 48 days’ time. 
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Mission software 

The mission software was designed and developed for 
IRS-1C on lines similar to that of IRS-1A/1B. The 
spacecraft health monitoring and control software offered 
new features in terms of integrated graphics support for 
realtime, dwell data and phase plane plots, graphical 
display of spacecraft subsystems, integrated archival of 
spacecraft telemetry data with flight dynamics 
parameters, generation of data commands with engineer¬ 
ing units or bit pattern represented as icons. These were 
in addition to the features like real-time display, off-line 
display, off-line graphics display/plots and archival- 
retrieval of all types of data. The software was developed 
and implemented on VAX 400 system for real time 
functions and on DEC-Alpha with open VMS for all 
off-line functions. The software design underwent various 
reviews and test and evaluation at the operations centre. 
A totally new data table management software was also 
developed which was used for creating the parameter 
identification directory for spacecraft data interpretation. 
A new telecommand directory generator helped in creat¬ 
ing the command database which was used for com¬ 
manding the spacecraft in all phases of the mission. 
The sequence of events generator in conjunction with 
spacecraft events software was used for preparing step- 
by-step operations of the spacecraft prior to lift off till 
commissioning all required systems onboard. 



1 LISS-III 

| ! PAN 

] t SW1R ) 

; i 

t. j 

1 1 LISS-III 

1 1 

1 _ 1 (VISIBLE) 

1 1 WiFS 


Figure 3. Scene layout of PAN, LISS-III. 
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The flight dynamics software provided for orbit and 
attitude determination in addition to ephemeris, events 
and real time display of flight dynamics parameters. 
The manoeuvres software generated plans, commands 
and pre-post-manoeuvre state vectors. The flight 
dynamics software was implemented and operationalized 
on DEC-Alpha Open VMS system. The orbit determina¬ 
tion software was improved to utilize a new model and 
to provide accuracies better than 180 m. Orbit deter¬ 
mination results are referenced to 00 UT epoch and used 
for providing the state vector information for data process¬ 
ing/reception sites on a daily basis. Orbit determination was 
carried out in the early orbit phase and the definite orbit 
was provided within 48 h for manoeuvres on day 3 of the 
mission. The manoeuvres software provided plans to correct 
injection errors, perigee freezing, path locking as per refer¬ 
encing scheme and suitable phasing with respect to IRS-P2. 
The orbit manoeuvre software also provides plans .for main¬ 
taining the orbit during the normal phase of the mission. 

A set of flight dynamics and data processing software 
packages driven by separate schedulers were designed, 
developed and implemented at the data reception station, 
Shadnagar for producing ancillary data for PAN and 
LISS-III data and optical disks for WiFS video data 
along with ancillary data. Ancillary data files are created 
for OBTR data separately. OBTR passes are handled 
by a separate scheduler. A ‘CAL scheduler’ helps in 
the conduct of payload calibration data passes. 
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Knowledge-base for IRS-1C health analysis 

A knowledge base has been built for spacecraft health 
analysis. The knowledge for each subsystem is built in 
three stages. 

A set of composite parameters (CPID) are defined. 
Each CPID has its unique identification number and 
mnemonic. It is defined in such a way that each 
represents a specific concept/information derived out of 
spacecraft parameters or other CPIDs. They can assume 
logical/arithmetic/character values. The default status/ 
value of the CPID and the corresponding details are 
also provided. 

Each CPID has an associated rule which contains the 
algorithm for deciding the value of the CPID using the 
present values of the spacecraft and flight dynamics parameters. 
The rule has its unique ‘id’ and it effectively incorporates 
the ‘knowledge’ in the form of an equation with logical/arith¬ 
metic operators and it assigns the value to the CPID. 

Finally the anomaly is defined. Each anomaly has its 
own id and explicit mnemonic. The priority of the 
anomaly (critical/normal) and the enable/disable status 
for anomaly check are user-definable. 

The knowledge base provides option for extending to 
trend monitoring. For this, derived PIDs (DPID) are 
defined whose values/status are set by special process¬ 
ing/routines. 

For each subsystem CPIDs, rules and DPIDs were 
defined and spacecraft health analysis program was 
implemented at Spacecraft Control Centre. For real-time 
reporting of anomalies, a separate page has been provided 
in realtime display software. About 600 CPIDs were 
defined for IRS-1C health analysis and about 110 DPIDs 
were also defined. 

Graphical display of spacecraft subsystems 

A new feature introduced in IRS-1 C enables display of 
spacecraft subsystem configuration and health display 
in real time. The spacecraft subsystem is represented 
in block schematic form showing all major interconnec¬ 
tions, signal flow, powering schemes and monitorings, 
select/deselect, enable/disable status, heaters - location, 
monitoring status with wattage, temperature sensors loca¬ 
tion and monitoring, and equipment panels layout. The 
block schematics were cast as a number of graphical 
pages for display on TEK terminals. Colour code schemes 
were derived to indicate status changes, configuration 
links and alarm conditions. The mechanical and electrical 
layout of spacecraft was used while constructing the 
pages. The GDSP pages could accommodate more num¬ 
ber of- parameters than an ordinary display page and 
also gives the operations crew more information on the 
spacecraft configuration on the screen itself. 
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Mission documentation and reviews 

All mission plans were translated into mission operations 
documents useful for conducting on-orbit operations. 
They were the pre-launch simulations plan, sequence- 
of-events, flight control procedures, contingency recovery 
procedures, health analysis plans, normal phase opera¬ 
tions plans and display schemes. All mission documents 
and software packages underwent detailed reviews by 
expert committees and test and evaluation at operations 
sites. 

Spacecraft operations profile and performance 

The satellite IRS-1C was launched on 28 December 
1995 at 06:45:18 UT from Baikonur Cosmodrome in 
Kazhakstan. The spacecraft was injected into a near 
sun-synchronous orbit and initial acquisition over Ban¬ 
galore, Lucknow, Mauritius and Hartebeesthoek (HBK) 
South Africa was smooth. Immediately after injection, 
solar panels were deployed by onboard timers triggered 
by the snap signal received from the launcher. Commands 
were issued from Mauritius to initiate the sun acquisition. 
With this, the negative yaw axis of the spacecraft was 
made to face the sun and the solar panels were rotated 
to generate the power. The spacecraft went through the 
first eclipse and reacquired Sun after coming out of the 
eclipse. The commanded rate option of AOCE was 
useful in both initial acquisition and re-acquisition after 
eclipse exit. The NASA station at Pokerflat (Alaska) 
provided the spacecraft monitoring and commanding 
facility in orbit 2. Bearslake (Russia) station confirmed 
the correct spacecraft configuration of 3-axis acquisition. 
This operation was initiated from HBK and the operations 
were successful. Precision yaw sensor (PYS) south did 
not provide the expected update in orbit 2. However, 
the update from PYS (N) coupled with attitude values 
from magnetometer confirmed 3-axis acquisition. The 
four reaction wheels were spun up and the spacecraft 
was 3-axis stabilized on wheels and torquers. The mission 
profile is depicted in Figure 5. 

The definitive orbit results showed the delta velocity 
requirement to correct the injected orbit of about 19 
m/s. The apportionment was 4 m/s for in plane and 15 
m/s for out-of-plane. For orbit manoeuvres, the single 
11N thruster was primarily used. For executing 
out-of-plane corrections using 11 N thruster, the 
spacecraft had to be rotated by 90°. The OPC requirement 
was more than IPC requirement because of large disper¬ 
sion in inclination. The requirement of frozen perigee, 
phasing of IRS-1C with IRS-P2 and the eccentricity of 
the injected orbit made the IPC requirements day specific. 
Hence it was found that OPC could be carried out 
independently. A test Large Angle Manoeuvre (LAM) 
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Figure 5. IRS-1C mission profile. 


rotation was carried out and proper operations of the 
spacecraft subsystems and procedures were established. 
Four out-of-plane corrections were imparted to the 
spacecraft during the period 1-10 January 1996. This 
established the nominal inclination plus a small bias (as 
required for local time maintenance) for IRS-1C sun 
synchronous orbit. The in-plane corrections were execut¬ 
ed on specific dates to achieve the nominal altitude, 
eccentricity and argument of perigee as necessitated by 
a frozen perigee, sun synchronous orbit. This provided 
7 paths phasing with IRS-P2 also in an identical orbit. 
Total fuel spent in the orbit acquisition process was 
about 12.25 kg. The orbit was locked to specific path 
of IRS-1C referencing scheme from 10 January 1996. 
Since then, the ground track maintenance has been 
executed by selecting the required IN thrusters and 
firing for required duration, typically 4 seconds. T e 
ground track maintenance is planned to be carried out 
for a window of + 1 km against pre-launch specification 
of +5 km. The local time maintenance is set at 
10:30 ± 5 min. Operationally, it is planned to maintain 
a positive bias in inclination in the routine phase. After 
orbit acquisition, the spacecraft mainframe was con¬ 
figured for update Kalman filter mode for fine pointing. 
The safety features onboard the spacecraft, viz. hardware 
safe mode, wheel overspeed logics, spurious speed logic, 
auto change-over from S/W to H/W AOCE, auto recon 
figuration logic, failure detection logic of solar array 
drive, battery taper charge regulators auto change over 
logic have been enabled. Software safe mode logic was 
used during orbit manoeuvres. 


The payloads, PAN, LISS-III and WiFS were switched 
on 5 January 1996 for the first time. Since then they 
are regularly operated through auto sequencer. The 
calibration modes of PAN and LISS-III were also checked 
out. The onboard tape recorder was operated m wind, 
rewind, self-check, record and reproduce modes and 
found to be functioning satisfactorily. Prior to the turning 
on of payloads, the data handling systems of PAN and 
LISS-III were independently checked and links were 
ensured properly. With the imagery data also the links 
are checked out and were found proper. The X-band 
beacon was used for tracking and was found to provide 
adequate link margin. 

The payload and OBTR operations in the routine 
phase are being carried out in time-tagged mode. Time- 
tagged commands logic was tested out in-orbit for normal 
block execution, edit and memory dump functions. Error 
detection logics for both command and delay functions 
are kept enabled. 

The gyro drift values loaded at launch pad were 
trimmed with update signals from earth sensor and yaw 
sensors The drifts are fine tuned by update Kalman 
filter regularly. Two gyros are kept ON continuously. 
During large-angle manoeuvres, the measurement of yaw 
angle rotated was provided by gyro 2. 

The earth sensor systematic error correction processor 
was initialized on day 1 and has been trimmed with 
coefficients required to be uplinked from groun . e 
orbit timer reset is being done regularly once a week. 

The star sensor in dual head mode has been sensing 
stars up to 6th magnitude. The data needs to undergo 
pre-processing before taking up attitude determination. 
The star sensor processor needs to be initialize once 

in a while. . , 

The telemetry system was operated in real time, continuous 
sampled recording, playback, dwell, star sensor storage 
playback mode and the performance is normal 

The telecommand system was used for several on/ott, 
data, time tagged and sequencer modes of operations 
The performance is normal. Both main and redundan 
time tagged circuits have been in use for payload 
operations. 

The tracking transponder has been used in coherent 
mode. Simultaneous ranging and commanding has been 
in operation from orbit 1. The modulation indices 
provided prior to launch for such an operation have 
been used in ground stations configuiation. 

The PAN payload-steering mechanism was released 
on 29 December 1995 in-orbit. The payload was test 
steered on either side and later stereo data from PAN 
was acquired on 15 and 19 January 1996. The basic 
stereo pair and ortho images have been produced. The 
payload has been steered to the required angles within 
±26° and PAN data have been acquired. The payload 
steering is carried out prior to the actual operation o 
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the payload. The rotation rate is 0.0597s and disturbance 
on spacecraft settles with the completion of rotation. 

The solar array drive was enabled in orbit 1. The 
offset feature of solar array drive has been enabled for 
payload operations. 

The power system performance has been normal. The 
solar arrays are generating near 900 W of power. The 
average DOD of batteries is around 9% and the ampere 
hour meter indicates near 1.0 overcharge factor for all 
orbits for both batteries. The performance of all 
regulators, DC-DC converters and current sensors is 
normal. Power margin of 21% is estimated even after 
12 min operations of all payloads in all orbits. Nominally, 
mainframe load is 200 W. 

The temperatures of various subsystems and spacecraft 
bulk temperature have shown close-match with pre¬ 
launch predictions. The batteries are maintained near 
2°C and payloads within 17-22°C. Propulsion system 
components are all maintained above 10 C. Thruster 
bed heaters and some plumbline heaters are kept on. 

The performance of temperature sensors and sun sen¬ 
sors has been normal. One pressure sensor has shown 
normal reading while the other one showed an increasing 
trend and hence this was neglected for operations pur¬ 
poses. Solar panel sensors are working in union with 
solar array drive. The anomalous anti-sun side panel 
offset conditions obtained in some of the payload passes 
has been overcome by reducing the offset angle from 
20° to 15°. 

All the four reaction wheels are used for attitude 
control. The dynamic friction compensation circuit which 
is useful for wheels zero crossing in 3 RW mode only 
has been disabled after observing an anomaly w.r.t to 
wheel speeds getting stuck. The wheels performance 
has been satisfactory and attitude holding is also proper. 

With Norman, USA joining the data reception station 
network, the payloads are being operated over its 
visibility also. The routine phase payload operations 
over Shadnagar and Norman, OBTR recording as required 
by users and OBTR dump over Shadnagar are mainly 
handled through time tagged-commands. The other opera¬ 
tions include playback data collection, star sensor data 
collection and attitude determination, yaw maintenance 
through manual updates. 

Also included in the routine phase operations are the 
payloads calibration once in a cycle of 24 days and 
orbit maintenance within specifications. PYS/DSS offset 
data commands are sent on a daily basis while earth 
sensor processor orbit timer is reset once in a week. 

Global mission - payload operations profile 

IRS-1C mission is conceived as a global mission, meeting 
the requirements of national and international users. 

The spacecraft bus design supports all payload opera- 
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tions of 12 minutes each in all orbits. By design, with 
any one of the payloads operating in some of the orbits, 
the payload operation can even be extended by another 
4 to 5 minutes. The onboard tape-recorder operations 
get interleaved between the realtime payload operations. 

The tape-recorder is capable of 24 minutes of recording 
which may take place in two to five segments typically. 
These recorded data are down loaded over Hyderabad 
station during night passes regularly. The actual profile 
of payload operations may vary from day to day and 
depends on requests by the users. 

Payload operations - external 

Payload will be operated on International Ground Stations 
(IGS) according to the request of each IGS and are 
upgraded for IRS-1C payload data reception. The IGS 
requests are integrated with the Indian user requests and 
an integrated request is generated. The integrated payload 
operation plan will be a conflict-free plan. 

The IGS stations are spread all over the world. While 
some of the stations have overlapping visibility, others 
have continuous visibility and will extend the payload 
operation duration. 

Payload programming system 

The following factors about payload operations make it 
essential to pre-plan and program payload operations. 

a) All the three payloads can be operated in real time. 
The spacecraft configuration permits different combina¬ 
tions of operations. Each of the payloads has a redundant 
chain and multiple cross operations are possible. 

b) Payload data can be recorded onboard and played 
back later. At any time, either full swath data of LISS-III 
or half swath of PAN data are possible for recording. 
Depending on the user requirements, the recording will 
be programmed. Recording could be of several segments 
interleaved with PAN and LISS-III data. It is also 
possible to simultaneously record the data while it is 
operated in real time. The tape position is continuously 
monitored whether the tape is at EOT or BOT, before 
a recording or a dumping operation is programmed. The 
tape length required to record a particular planned 
session is assessed and its availability is checked. 

c) Different gains can be selected for each payload. 
There is a provision to select gain for each CCD/spectral 
range. 

d) PAN camera is steerable to cover ±26° from nadir 
viewing. While programming for stereo or triplet scenes, 
the tilt angle is selected to suit the B/H ratio specified 
by user. 

e) There are some spacecraft constraints in terms of 
power and thermal conditions for continuous payload 
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operations all through the orbit and payload needs to 
be programmed to keep safe power and thermal condi¬ 
tions. The real time and the recording operations will 
be interleaved and the spacecraft is checked for the 
power situation before further payload operations are 
planned. 

f) Some scenes needed to be acquired may be already 
acquired and available in the archives, meeting all the 
requests of user. 

g) Some of the scenes acquired, as they go through the 
product generation may found to be bad (bad cloud 
cover) and may need to be acquired again. 

h) There are different priorities defined based on the 
type of service the user requires in terms of acquisition, 
repeated acquisition, cost, etc. The priority requests, 
therefore, need to be programmed first for data acquisi¬ 
tion. 

Payload programming operations 

The following are the activities for payload programming: 

a) The NRSA Data Centre receives requests from various 
users, for PAN, LISS-III, WiFS and OBTR operations. 
A software at the integrated information management 
system (IMS) will identify the requests to be serviced. 
For all these requests, the camera identification, preferred 
range of tilt angle (if PAN), area to be covered, preferred 
B/H ratio (if it is stereo requirement), dates of preference 
and priority are identified and passed on for further 
processing. 

b) A sub module of a flight dynamics software breaks 
these requests into possible imageable slots. Then it 
produces multiple plans for a given request into different 
feasible slots and days. It will take all the requests of 
real time operations at Indian and foreign data reception 
stations, OBTR operations for record and dump and at 
the first instance provide a number of feasible payload 
operational plans for a given request slotwise and 
day-wise possibilities. 

c) Taking these inputs for a given day, the multiple 
plans that are feasible for all the requests/slots combined 
are produced. These payload data acquisition plans are 
produced much in advance to the date of actual imaging. 
Later, out of all available plans, one plan most suitable 
is selected and this is transferred to SCC as image data 
acquisition plan (IDA) . 

d) After allowing for modifications or cancellations from 
users and. removing the slots that cannot be serviced 


due to spacecraft constraints, a selection of final plan 
will be done and a confirmed programming request 
(CPR) is generated. 

e) The confirmed payload operations request will contain 
OBTR wind, rewind operation in addition to record, 
play back and real time operations. The request will 
indicate details like station ID, satellite ID, sensor ID, 
date of operation, start and end latitude. 

f) The graphical display for any given acquisition plan 
enables the user to finalize from the different plan 
options, the one best plan for implementation. It also 
provides an interactive selection procedure for emergency 
request handling with features like visual depiction of 
payload swath and varied tilt angles. 

g) A database package creates and maintains payload 
request information. It also maintains pending requests 
that are to be serviced in the next cycles. It maintains 
payload operations history and enables in rescheduling 
the serviced requests of poor quality, and their removal 
from the database. It also helps in reformatting the IDA 
and CPR for transmission to SCC. 

h) The confirmed payload operation request is trans¬ 
mitted to SCC. 

i) At SCC, this plan is translated into payload operations 
schedule files, combined with other command operations 
of satellite and generates with respect to visibility ses¬ 
sions, a sessionwise command schedule. 

j) With these files, an indirect command file is generated 
which will be accepted by command generation software 
(CMD). 

k) Later, after the payload passes of the day are com¬ 
pleted, the telemetry-archived file and telecommand-tem¬ 
porary file are accessed and a consolidated telecommand 
archival file is generated, including voice and TT com¬ 
mands that are operated. 

l) Finally, a command operational report is generated 
and transmitted to NDC for database updation. 

m) It is planned that all the requests including the 
emergency requests are handled only through the NDC. 
In the case of emergency requests, the normal path is 
still followed and for that, request details like sensor, 
tilt angle and on/off time are sent to SCC. 

n) The last minute urgent requests, by a proper authority, 
if any, are taken orally by NDC and passed on to SCC 
for implementation by fax/text message. 

These operations are normalized again after imple¬ 
mentation by running full chain and database is also 
updated. 
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TTC network and Spacecraft Control Centre 
for IRS-1 C 

K. V. Venkatachary, P. Soma, V. Jalaramaiah, A. Karuppaiyan, N. Sengupta, 
O. Chiranjeevi and Y. K. Singhal 

Telemetry Tracking'and Command Network Centre, Indian Space Research Organization, Bangalore 560 094, India 


ISRO Telemetry Tracking and Command Network 
(ISTRAC) performs spacecraft control operations and 
TTC functions for IRS-1C mission. Telemetry tracking 
and command (TTC) network for IRS-1C comprises 
of ISTRAC stations and external agency ground sta¬ 
tions providing tracking support for the mission. The 
Spacecraft Control Centre (SCC) situated at Bangalore 
uses mission computer and mission-specific software 
to monitor spacecraft health and control operations 
for IRS-1C mission. In this article we describe the 
details on the ground segment support provided for 
IRS-1C mission consisting of TTC ground stations, 
spacecraft control centre, mission software and com¬ 
munication links during its launch and early orbit 
phase of support along with other on-going missions. 


ISRO Telemetry, Tracking and Command Network 
(ISTRAC) provides the ground segment support of 
spacecraft operations and control activities for IRS-1C. 
Figure 1 shows the functional organization of the ground 
segment for mission operations. IRS-1C mission opera¬ 
tions are carried out from Spacecraft Control Centre 
(SCC), ISTRAC which has the necessary facilities for 
carrying out satellite health monitoring, analysis and 
control. For TTC functions, SCC is supported by a 
network of ground stations in S-band. SCC computer 
system with its attendant software and displays provides 
the environment for conducting flight operations and 
mission analysis. It also supports flight dynamic software 
for orbit determination and attitude computation. Network 
communication software in conjunction with dedicated 
communication links connects all the TTC stations and 
work centres. Scheduling network stations and spacecraft 
operations, including payload operations in a multi¬ 
mission environment, is an important activity. SCC 
interfaces very closely with the mission team, spacecraft 
designers, payload data acquisition and processing teams 
spread across various work centres of ISRO. Here we 
describe the salient features of SCC and TTC Network 
for IRS-1C mission. 

TTC ground station network for IRS-1C 

ISTRAC ground stations at Bangalore, Lucknow and 


Mauritius along with Medvezji Ozera (Bearslake, Russia) 
support the TTC functions for IRS-1C. In addition to 
these stations, during the launch and early orbit phase 
or initial phase, extended radio visibility of the spacecraft 
from additional stations is required for conducting critical 
operations such as sun acquisition, earth acquisition 
three-axis stabilization and orbit manoeuvres. Availability 
of a backup station support during critical operations 
is a desirable mission requirement. Therefore, initial 
phase network for IRS-1C is augmented with external 
agency ground stations at Hartebeeshoek/South Africa 
(CNES), Welheim/Germany (DLR) and Pokerflat/USA 
(NASA). These stations, also, provide the additional 
tracking data required to establish the orbit accurately 
after spacecraft injection. Figure 2 shows the ground 
station location and radio visibility contours over each 
station for IRS-1C. The ground track of the satellite 
for the 14 orbits in a day is also shown. This TTC 
network with stations at different geographical locations 
ensures IRS-1C spacecraft visibility coverage of about 
29% of time in a day in every orbit. 

Table 1 gives the TTC network support details for 
IRS-1C mission. Overall specifications of ISTRAC and 
external agency ground stations are given in Table 2 
and Table 3 respectively. 

External agency TTC support is needed to work out 
details of support requirement plans, interfaces such as 
formats/protocol for data transfer and establishing com¬ 
munication links and also full compatibility between the 
external agency stations and SCC to carry out the TTC 
functions required for the mission. For IRS-1C, German 
Space Operations Centre (GSOC) acts as a nodal agency 
for data transfer from WHM, HBK and PKF ground 
stations to SCC. GSOC and SCC have established data 
interfaces for IRS-1A, IRS-1B missions. 

Description of ISTRAC TTC station 

The functions performed by TTC ground station are: 

• Housekeeping (realtime/playback/dwell) and star-sen¬ 
sor telemetry data reception recording, conditioning 
and transmission of data to SCC. 

• Transmission of commands generated at SCC to the 
spacecraft. 
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Table 1. TTC network support details for IRS-1C mission 


Station 

Support (in S-band) 

Duration 

Bangalore 

TM, TC, TR 

Throughout mission life 

Lucknow 

TM, TC, TR 

Throughout mission life 

Mauritius 

TM, TC, TR 

Throughout mission life 

Weilheim 

TM, TC, TR 

T-30 to T+ 15 days. 

Option up to T + 30 days 

Bearslake 

TM, TC, TR 

Throughout mission life 

Hartebeeshoek 

TM, TC, TR 

T-30 to T + 15 days. Can be 
extended up to T + 30 days 

Pokerflat 

TM, TC, TR 

T- 15 to T + 30 days. 


Table 2. Specifications 


• Tracking the spacecraft and collecting range, doppler 

and angles data and transmission to SCC. 

Figure 3 shows the block schematic of a typical TTC 
station in ISTRAC. An acquisition antenna (mounted 
on the main antenna) with a beam width of T is 
provided to aid satellite carrier acquisition until the 
satellite orbit is established. Figure 4 shows typical 
ISTRAC antenna at TTC station. The main antenna 
SUM and ERROR signals (6 channels) are pre-amplified, 
down converted to 400 to 500 MHz band and fed to 
multifunction receiver (MFR) system with the following 
functions: 

ISTRAC groundstations 


Stations 


Characteristics 

Units 

BLW 

BLE 

LK2 

LK1 

MAU 

No. of carriers 


One 

One 

One + one 
redundant chain 

One 

One + one 
redundant chain 

Antenna diameter 

m 

10 m Cassegrain 
monopulse 

10 m Cassegrain 
monopulse 

10 m Cassegrain 
monopulse 

3.7 m 

10 m Cassegrain 
monopulse 

Station G/T 

dB/K 

19.5 

19.5 

19.5 

9.0 

19.5 

Antenna tracking rate 

Velocity 

deg/sec 

9 

9 

9 

9 

9 

Acceleration 

Polarization 

deg/sec 

3 

3 

3 

9 

3 

Downlink 


RCP and LCP 

RCP and LCP 

RCP and LCP 

RCP or LCP 

RCP and LCP 

Uplink 


RCP or LCP 

RCP or LCP 

RCP or LCP 

RCP or LCP 

RCP or LCP 

Angle accuracy 

deg 

0.1 

0.1 

0.1 

- 

0.1 

Frequency band 

Downlink 

MHz 

2200-2300 

2200-2300 

2200-2300 

2200-2300 

2200-2300 

Uplink 

MHz 

2015-2125 

2015-2125 

2015-2125 

2015-2125 

2015-2125 

Demodulation 


FM/PM 

FM/PM 

FM/PM 

FM/PM 

FM/PM 

PSK subcarrier 

Fixed 

Tunable 

kHz 

25.6 and 128 

1 kHz to 1 MHz 

25.6 and 128 

1 kHz to 1 MHz 

25.6 and 128 

25.6 and 128 

25.6 and 128 

Acq. antenna 

Configuration, 


1 m 2 , 4 horn 

1 m 2 , 4 horn 

1 m 2 , 4 horn 


1 m 2 , 4 horn 

G/T 

dB/K 

-4.5 

-4.5 

-4.5 


-4.5 

Threshold 

dB Hz 

40 

40 

40 


40 

PCM system 


10 BPS to 

1 MBPS 

10 BPS to 

1 MBPS 

10 BPS to 

1 MBPS 

10 BPS to 

1 MBPS 

10 BPS to 

1 MBPS 

Data recording 

Analogue 

Channels 

7 

7 

7 

7 

7 

Strip chart 

Channels 

8 

8 

8 

8 

8 

Transmit power 

kW 

2 

2 

2 

1 

2 

EIRP 

dBw 

74 

74 

74 


74 

Command modulation 


PCM/FS K/FM/PM 

PCM/FS K/FM/PM 

PCM/FS K/FM/PM 

PCM/FS K/FM/PM 

PCM/FS K/FM/PM 

Major tone 

kHz 

100 

100 

500, 100 and 20 
(selectable) 


500, 100 and 20 
(selectable) 

Ranging accuracy 

Random (lcr) 

m 

30 

30 

30 


30 

Bias 

m 

- 

- 

5 


5 

Range rate accuracy 

Random (1 <j) 

Bias 

ms 1 
m s" 1 

0.1 

0.1 

0.1 

0.2 


0.1 

0.2 

Timing accuracy 

gs 

< 100 

<100 

<100 

<100 

< 100 
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Table 3. Specifications of external TTC ground stations 


Characteristics 

Units 



Stations 


WHM 

BRK 

HBK 

PKF 

Antenna diameter 

m 

15 

12 

12 

8 

Station G/T 

dB/K 

27.0 

26.0 

21.5 

21 

EIRP 

dBw 

79.5 


51-71 

+ 93 (with 200 W) 

Tracking mode 


Auto/program/manual 

Auto/program/manual 


Tracking limitations 






Azimuth 

deg 

No limit 


±349 


Elevation 

deg 

5 to -175 




Antenna velocity 






Azimuth 

deg/sec 


9 

15 


Elevation 

deg/sec 


4 

15 


Antenna gain 

dB 


46,5 

45.5 


Angle accuracy 

deg 

0.02 

0.06 



Acquisition range 

kHz 

±150 


±150 


Frequency band 






Downlink 

MHz 

2200-2300 

2203 

2200-2290 

2200-2400 

Uplink 

MHz 

2025-2125 


2025-2110 

2025-2120 

Transmit power 

KW 

1 

1 (15 W backup) - 

- 

Range accuracy (1 cr) 

m 

<10 

30 

< 10 

- 

Range rate accuracy 

m s _1 

0.1 

0.1 

0.1 

0.1 


• Satellite carrier acquisition employing diversity lock 
technique. 

• Pre-detection polarization diversity combination for 
telemetry, ranging and auto track functions telemetry 
video demodulation. 

• Auto track DC error voltage generation. 

• Provision of interface signals to range and range rate 
system. 

The demodulated telemetry video is fed to PSK sub 
carrier demodulator and the resulting raw PCM data are 
fed to PCM system with limited quick look facility. 
Analogue magnetic tape recorders are used for recording. 

The range and range rate system measures range using 
tone ranging principle and two way doppler using 
coherent PLL S-band transponder onboard the spacecraft. 
The telecommand system uses telecommand encoder to 
generate the telecommand video in PCM/FSK/FM format. 
The transmit system has 70 MHz modem, up/down con¬ 
verter and S-band high' power amplifier. The transmit 
polarization is either RCP or LCP (selectable). The 
transmitted command can be verified by coupling a 
portion of the transmitter output, demodulating the video 
and feeding back to the encoder. Simultaneous trans¬ 
mission of commands and tones is also possible. 

Accurate station time keeping is important to correlate 
the data received. A highly stable oscillator provides 
the basic frequency which drives the time code generator. 
Time signals received from GPS satellites are used to 
synchronize the time with UT. The high stability oscil¬ 


lator is periodically calibrated using cesium standard 
clock. 

The station reference frequency is derived from the 
oscillator and all the local oscillator signals are phase 
locked to the station reference. 

Redundant station processor with attendant software 
performs the following tasks: 

• Acquisition, formatting, logging and transmission of 
telemetry streams. 

• Interface with SCC for remote commanding. 

• Formatting, logging and transmission of network status 
information. 

• Generation of target designations for antenna pointing. 

• Monitoring and reconfiguration of station equipments. 


SCC and interfaces 

SCC has mission control facilities, mission computers 
with their attendant software and support systems and 
several control rooms for conducting mission operations. 
The Main Control Room (MCR) and Mission Analysis 
Room (MAR) are used during pre-launch and initial 
phase operations. Figure 5 shows the Main Control 
Room, controlling spacecraft operations at ISTRAC. The 
layout of SCC first floor is given in Figure 6. For each 
satellite mission there is a Dedicated Control Room 
(DMCR) to carry out spacecraft operations in normal 
phase. These control rooms are equipped with monitors 
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Figure 3. TTC network ground station. 


and keyboards and are used for monitoring the spacecraft 
health from housekeeping telemetry, transmit telecom¬ 
mand blocks to the spacecraft and confirm commands 
execution onboard the spacecraft, establish communi¬ 
cation link and data flow status from TTC stations. 
Graphic terminals help to display the plots of chosen 
spacecraft parameters, mimic display of subsystem status 
and ground trace of the spacecraft. Printers and plotters 
are also provided to obtain hard copies. Large screen 
displays in Mission Analysis Room help ; to analyse the 
data and those in DMCR display satellite ground trace, 
schedules and other relevant information. All these rooms 
are fitted with multi-channel intercoms, universal and 
countdown time displays. Close circuit TV and video 
displays help to monitor activities at different control 
rooms. Main Control Room houses consoles for the 
operations and network co-ordinations teams. Mission 
Analysis Room is used by the mission and spacecraft 
sub-system designers and has desk top mounted facilities 


to monitor subsystem health and data analysis. Flight 
dynamics activities are carried out in a separate room 
with table top mounted terminals, graphic displays, PCs, 
printers and plotters. Other facilities at SCC include 
fully furnished conference hall, visitors gallery, VIP 
room and e-mail/fax/photocopying facilities. 

Computer configuration 

Computer systems play a major role in the mission 
operations for spacecraft control. Figure 7 shows details 
of computer configuration for multi-spacecraft support. 
This configuration consists of: 

• Dedicated communication processors (CPs) for inter¬ 
facing with ground stations network (VAX 11/750 
•systems). 

• Realtime processors (RTPs) for realtime and near 
' realtime processing of individual satellite data 

(microvax II and microvax 3400 systems); 


528 


CURRENT SCIENCE, VOL. 70, NO. 7, 10 APRIL 1996 




















































SPECIAL SECTION: IRS-1C 



• Flight dynamics and analysis processors (FDAPs) for 
data archival, orbit and attitude determination and 
trend analysis (Vax-11/785 and DEC Alpha systems). 

The CPs interact with TTC stations using X.25 Level-2 
communication protocol for data transfer. CP01 acts as 
the main system while CP02 is a standby. The data 
received are logged on a mass storage. Simultaneously 
realtime data are routed to RTPs which are connected 
to CPs via async links for data transfer. Terminals are 


FDAP 


Realtime 


Backup 


Primary 


Backup 


Primary 


Mission 


FDAP03 FDAP04 

FDAP02 FDAP01 

FDAP01 FDAP02 

FDAP02 FDAP01 

FDAP02 FDAP01 


RTP05 

RTP05 

RTP05 

RTP05 

RTP01 


RTP03 

RTP01 

RTP02 

RTP04 

RTP04 


IRS-1C 

IRS-1A 

IRS-1A 

IRS-P2 

SROSS-C2 


RTP05 acts as a hot backup for IRS-1C and as a poo 
1RS-1A, IRS-1B, IRS-P2 during IRS-1C initial phase. 


Data archival is carried out at FDAr-Ul/Uz ana tne 
online archival is maintained on mass storage connected 
to FDAP01/02 via HSC mass storage servers. 

Data archival for IRS-1C is carried out at FDAP03/ 
FDAP04 and the online archival is maintained on the 


Projection Room 


Figure 4. TTC antenna. 


Main Control Room (MCR) 


Mission Analysis Room (MAR) 


IRS - IB 
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Figure 5. Spacecraft Control Centre — ISTRAC. 
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mass storage connected to FDAP03/FDAP04. Offline 
archives are maintained in optical disks. 

Software 

Software for IRS-1 C mission operations and control 
comprises of mission software, communication handler 
software, multi-satellite scheduling and payload program¬ 
ming software and text data manager software. 

Mission software. Mission software consists of spacecraft 
health monitoring, analysis and control software 
(SCHEMACS) and flight dynamics packages. These 
packages are directly related to the processing of all 
the relevant spacecraft parameters and configuration of 
orbit and attitude parameters. 

Communication handler (COM) for multisatellite sup¬ 
port. Communication handler software forms the 
software link for information exchange between the 
ground stations and the mission software by handling 
communication line protocols on the one hand and 
managing interactions with the mission software packages 
on the other. The main functions of communication 
handler for multisatellite support are: 

• Acquisition of telemetry, telecommand and tracking 
data packets on communication channels from various 
ground stations. 


• Reception of telecommand messages from the com¬ 
mand generation modules and transmitting the same 
to the ground stations. 

• Exchange of station status data and operational text 
messages between ground station and network 
software. 

• Sorting and logging all the above data into independent 
temporary files for each satellite according to data 
type, data sub type and mode of data transfer for 
archival and further processing. 

In addition to the above mentioned mission related 
functions, COM carries out the following operations- 
oriented functions. 

• Logging of communication line statistics. 

• Interactive display facility. 

• Data table management to configure the network and 
to support multiple satellites. 

Multisatellite scheduling system (MSS) software. MSS 
software developed and operationalised during IRS-1C 
mission, generates the operations schedules for different 
satellites supported at the SCC. This software running 
on a UNIX platform prepares the general schedules of 
all operational satellites including IRS-1C. Satellite- 
specific constraints, ground stations configurations, 
priorities of certain payload operations and visibility, 
clashes are taken into consideration while making the 
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general schedule in an optimal way. Payload data 
programming request for IRS-1C and predefined payload 
collection requirements of other satellites are considered, 
while making the general schedule for TTC operations 
for the network of ground stations. This software also 
generates the command schedules for individual 
spacecraft operations. 

IRS-1C being a global mission with multiple payloads, 
viz. PAN, LISS-3 and WiFS, payload programming 
forms an important part of spacecraft operations. National 
Data Centre (NDC), Hyderabad, consolidates the payload 
programming requests from users and supplies the same 
to SCC after considering priorities and satellite program¬ 
ming constraints. MSS interfaces with Payload Program¬ 
ming System (PPS) in generating the command and 
operations schedule for IRS-1C. 

Text manager software. Message transfer between SCC 
and Payload Reception Ground station, Shadnagar (SAN) 
and SCC and Data Processing Centre Balanagar (BAL) 
of NRSA without manual intervention is achieved by 
text manager software. It helps in transmitting the mes¬ 
sages in transparent, reliable and user friendly way. 


Communication links 

Fully redundant reliable and dedicated communication 
links interconnect TTC ground stations and other work 
centres with SCC. For IRS-1C mission support, satellite 
based 64 kbps links are established at Bearslake, GSOC 
and Mauritius interconnecting these stations with IBS-F2 
Intelsat Terminal at SCC. This terminal accessess 21/11 
transponder of Intelsat (63 E) Satellite. A redundant 64 
kbps link to DLR/GSOC is hired via Intelsat (66°E). 
For Mauritius and Bearslake two VOD circuits for each 
station are established to provide the redundancy. The 
satellite link between SCC and Lucknow ground station 
is established via INSAT and operationalized for IRS-1C 
mission. Two VOD links provide the back up support, 
and VOD circuits meet COTT M-1020 standard. Figure 8 
gives the details of communication links for IRS-1C mis¬ 
sion. All the communication links are terminated in the 
computer/data control room and are established in co¬ 
ordination with DOT/VSNL. Fully redundant 64 kbps links 
connect GSOC to WHM, PKF and HBK ground stations. 
Establishing and operating these communication network 
is one of the major tasks at ISTRAC. 



Figure 8. Communication links for IRS-1C mission (initial phase). 
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Prelaunch simulations and testing 

Prior to the launch, in the prelaunch simulations phase, 
the ground elements participating in the mission opera¬ 
tions and their interfaces are checked out thoroughly. 
For IRS-1C mission, the major activities in this phase 
are: 

• Verification of software and hardware interfaces 
between ground stations and spacecraft control centre. 


• Establishing the mission-specific telecommand handler 
and software. 

• Validation of data interfaces with external agencies 
for the transfer of TM, TC and TR data. 

• Familiarization of operation procedures, sequence of 
events, etc. 

• Verification of documented spacecraft and ground 
operations. 

• Familiarization of operations to be carried out by 


STATION 

NUMBER OF PASSES SUPPORTED ' 1 
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Figure 9. Network station support for IRS-1C (period: 28 December 1995 to 12 January 1996). 
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different work centres with respect to time line of 
events. 

• Training of operations personnel. 

This involves autonomous tests on all hardware, software, 
procedures and interfaces, interfacing and integrating 
network stations with SCC, communication links com¬ 
missioning and data flow tests and operational readiness 
of all ground support elements including supporting 
software, exercising spacecraft operations procedures. 
Pre-launch simulation culminate in Full Dress Rehearsals 
(FDRs) and the spacecraft controllers will be trained in 
various modes of spacecraft operations. 

Software-based spacecraft simulator, analogue tapes 
(TAPEX) containing spacecraft data recorded during the 
thermovaccum test are used as test sources for conducting 
simulation. TAPEX data are sent to all the participating 
ground stations. For IRS-1C, pre launch simulations 
started 45 days prior to launch and ended with the 
completion of FDR on 26 December 1995, two days 
prior to the launch. Compatibility of external agency 
stations at PKF, HBK and WHM was established by 
tracking IRS-P2 and IRS-1A spacecrafts. 

As a part of preparations for IRS-1C, ISTRAC ground 
stations at Lucknow, Bangalore and Mauritius are aug¬ 
mented with additional station processors for redundancy 
and GPS receivers for timing. At Lucknow, a 3.7 m 
antenna with TM and TC capability has been opera¬ 
tionalized. Bearslake station has been augmented to have 
a fully redundant station (India-1 and India-2) for ERS-1C 
mission. 

Performance of TTC ground stations and 
SCC elements during the initial phase of 
IRS-1C mission 

IRS-1C was injected into its orbit by Molynia Rocket 
on 28 December 1995 at 07 h 00 min 19.233 s UTC. 
Immediately after injection, the first signals from the 
spacecraft were picked up by Lucknow and Bangalore 
ground stations. First ranging was performed at Bangalore 
station. Successful solar panel deployment was monitored 
over Lucknow and Bangalore. Sun acquisition through 
auto sequences command was issued and spacecraft sun 


acquisition was monitored from the TM data of Mauritius. 
Signal acquisition from all the stations was as planned 
as the spacecraft injection was normal. In the second 
orbit satellite health was monitored over Pokerflat and 
Bearslake stations and the earth acquisition commands 
were issued and part of earth acquisition was monitored 
from HBK. Three-axis acquisition of the spacecraft was 
conducted and monitored with the support of PKF, BRK 
and WHM stations in the third orbit. Definitive orbit 
was established from the tracking data. All the stations 
supported the operations related to removal of injection 
errors and acquisition of sun synchronous orbit by 
and/out of plane manoeuvres. 

Network stations support in terms of the number of 
passes supported for TM, TC and TR functions is shown 
in Figure 9. 

All the network stations provided the planned support 
for smooth conduct of operations. Presently,, payload 
operations are carried out using time-tagged command 
facility and about 100 commands are being uplinked to 
the spacecraft daily. 

All the SCC elements functioned well in the multi¬ 
mission environment. Computer systems and Netcom 
software were tuned to handle the newly established 
64 kbps sky-links and provided the needed support. 

Conclusion 

IRS-IC spacecraft operations are shifted to DMCR on 
29 January 1996. In the normal phase ground stations 
at Bearslake, Bangalore, Lucknow and Mauritius track 
IRS-1C and help in carrying out spacecraft operations. 
Daily orbit determination is being carried out in a sliding 
fashion considering three days tracking data state vector 
and attitude bias data are transferred to NDC on a daily 
basis. Payload programming will be carried out as per 
requirements and the operations system at ISTRAC is 
fully geared up for this purpose. 
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Data reception system for IRS-1C 

Anil Kumar and T. C. Sarma 

National Remote Sensing Agency, Balanagar, Hyderabad 500 037, India 


Data transmitted by IRS-1C satellite is received at 
Earth Station at Shadnagar near Hyderabad. This 
sophisticated Data Reception Complex works in a 
multimission mode supporting data reception from 
several remote sensing satellites, viz. IRS series and 
also Landsat and ERS. This article describes the 
various elements in the data reception chain. The 
specifications of various sub-systems and necessity of 
having these in a data reception station is also dis¬ 
cussed. Complete data flow from the time, RF signal 
is picked up at antenna and till it is recorded on high 
density digital tape is explained at sub-system level. 
Data archival and real time system is also explained 
giving details about level ‘O’ processing of data. 
Required test facilities and system margins desirable 
are also given apart from necessary infrastructure. 


IRS-1C is the latest new generation satellite of India 
with added features of high resolution tiltable PAN 
camera, LISS-III and WiFS sensors. This is also the 
first remote sensing satellite with three X-band carriers, 
two for data and one beacon and one S-band telemetry 
carrier. All this has put more stringent requirements on 
the ground station. 

Existing data reception facilities at Shadnagar, 55 km 
from Hyderabad, which were being used for data recep¬ 
tion from several national and international remote sens¬ 
ing satellites, viz. IRS-1A/1B, P2, LANDSAT-5, ERS-1/2 
and NOAA series of satellites, are augmented to provide 
a reliable data reception system for IRS-1C satellite. 
This is the only data reception station in the country 
presently. IRS-1C is a global mission, with on board 
tape recorder (OBTR) for taking pictures of places 
outside our visibility zone. IRS-1C mission has decided 
that OBTR data shall be dumped only over Shadnagar 
Earth Station and thus put further emphasis on the 
reliability and back-up requirements. 

It was decided to upgrade the existing Earth Station 
by way of augmentation and addition of equipment for 
making the stations capable of receiving data from two 
carriers of IRS-1C, and also tracking on X band beacon 
and on S band telemetry carrier, along with telemetry 
data reception with adequate back-up to avoid single 
point failures in the receive chain. 

Multimission requirement 

Remote sensing satellite earth stations have to operate 


with low altitude polar orbiting satellites in sun- 
synchronous near-circular orbits. Due to high relative 
velocities between the satellite and the ground station, 
the earth station antenna has to move with high speeds 
in azimuth and elevation axes to keep the antenna 
pointed towards the satellite for the entire duration of 
satellite visibility. 

At Shadnagar Earth Station, there are several remote 
sensing satellites from which data reception is carried 
out, and therefore causing added complications in opera¬ 
tions as satellite visibilities will clash in time with other 
satellite visibilities. Scheduling of satellite reception 
between two stations has to be done in such a way 
that we lose minimum data, and also prioritize the user 
request from a particular sensor. 

Two stations at NRSA earth station complex are 
upgraded for data reception in X and S band such that 
one station (Terminal-I) is dedicated for data reception 
from all IRS series of satellites and the other (Ter- 
minal-fl) is capable of receiving data from all IRS series 
as well as from foreign satellites, viz. Landsat-5 and 
ERS-1 and ERS-2. 

In case of clashes of visibility terminal-I shall be 
prioritized for IRS-1C reception while terminal-II shall 
support other user requested satellite data reception. 

This paper describes various sub-systems used in the 
Earth Station, their functions and also operational require¬ 
ments of data reception station for IRS-1C satellite. 

Data reception system 

The ground station consists of: Antenna and receive 
system, data archival and realtime system, test facilities, 
support facilities (electrical, communication). 

Antenna and receive station 

This system comprises of three main elements: Antenna 
system, servo control system, receive/tracking system 
and does the following basic works: 

- Acquisition and recording of payload and telemetry data 

- Tracking of satellite in both X and S bands apart 
from program tracking as back-up. 

- Back-up support to mission from Terminal-II providing 
all the functions of main station. 

Subsequent paragraphs shall describe each of the main 
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elements of earth station. Figure 1 describes the basic 
block diagram of antenna and receiving system. 

Antenna system 

The antenna system consists of a parabolic reflector and 
multihorn composite feed (X and S band) in cassegranian 
arrangement. The feed is a dual frequency monopulse 
tracking type, designed to receive X and S band signal 
frequencies, simultaneously. The detailed description of 
each subsystem is given below. 

Reflector 

The reflector is a 10 m dia parabolic dish. The reflector 


consists of a machined, reinforced circular hub which 
supports 24 radial truss ribs. The 24 trusses support 24 
solid reflector surface panels. The entire reflector is 
assembled by bolting all these components together. 
Each panel is supported by machined tabs on the radial 
trusses which lock the overall shape and antenna surface 
tolerance. There are red aircraft warning lights and 
lightning rods mounted on the reflector. The reflector 
assembly is mounted on a EL over AZ tracking pedestal 
which drives the antenna. The reflector weighs 1.6 
tonnes and the tracking pedestal weighs 5.5 tons. The 
tracking pedestal also houses drive trains, gear boxes, 
synchros, limit switch, etc. and contributes to the overall 
low inertia of the pedestal structure due to its compact 
size. 
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Sub reflector 

The sub-reflector is a part of cassegranian feed assembly. 
Its diameter is 1.52 m machined by hyperboloidal surface 
with an eccentricity of 1.55 and is supported by four 
aluminium spars with ogival cross section. The sub- 
reflector has been chosen to take care of the large 
offsets caused by the S band feed horns. 

Antenna system characteristics 


Main reflector 

Sub reflector 

10.06 m dia parabolic 

1.5 m dia hyperbolic 

Focal length over 
diameter (F/D) 

0.39 

Surface accuracy 

0.8 mm RMS static 

1.25 mm RMS at 96 kmph wind 

Weight 

Tracking pedestal type 
Delivered torque 
Orthogonality tolerance 
Gear type 

1.6 tonnes 

Elevation over azimuth 

60,000 ft lb 

0.02° 

Precision spur gear 

Gear ratio 

Azimuth 1026 : 1 

Elevation 1700 : 1 

Elevation travel limits 

Primary electrical, 
secondary mechanical 

Azimuth travel limits 

Primary and secondary 
electrical limits 

Elevation travel 

Azimuth travel 

0-180° 

±360° 


Feed 

The feed is a dual band monopulse tracking type, which 
consists of two sets of four diagonal waveguide horns. 
The feed assembly consists of a waveguide monopulse 
comparator and a phase commutation unit for generating 
the single channel monopulse tracking signal. The feed 
front is covered with a radome which offers an acceptable 
axial ratio at both the signal frequencies. 

The X band horns of the feed are square wave guide 
apertures that flare down slightly to 1.12 inch square 
wave guide. A capacitive slot fitted with di-electric 
surrounds the X band horns to isolate them from the 
effects of the S band horns. The four S band horns are 
arranged in a diamond array outside X band horns. The 
feed is designed to receive a right circular polarization 
which is converted into a linearly polarized signal by 
a polarizer with iris design. The polarizer is followed 
by a square waveguide, supporting a linearly polarized 
wave, adapted to a rectangular waveguide with an impe¬ 
dance matching section. 

The feed collects the offset signal amplitudes in AZ 
and EL axes to produce tracking error signals and feeds 


it to the monopulse comparator. The comparator coni' 
pares each pair of beams to produce the tracking error 
signals. When the signal source is on boresight, each 
beam has equal amplitude and the comparison results 
in zero signal in different channel. The data signal or 
sum signal is formed in the monopulse comparator by 
adding all four beams together. 

When the signal source is not on boresight, the offset 
beams create signal amplitudes in AZ and EL axes and 
the comparator outputs these signals to the phase com¬ 
mutation unit. Both the monopulse comparator and the 
phase commutation unit in X band chain are waveguide 
type while those in S band chain are of strip line 
design. 

Servo control system 

A servo system drives the EL over AZ mount to point 
the antenna axis in the required direction. It has one 
narrow band width (NB II) of 0.5 Hz and a wide band 
width (WB) of 0.9 Hz and performs auto tracking function 
and uses two permanent magnet d.c servo motors per 
axis. These motors can deliver up to 15 hp power for 
short durations. 

During tracking, feed supplies the error signals modu¬ 
lated over the sum signal and also the synchronizing 
signals to detect these errors in tracking receiver. The 
demodulated d.c errors form the input to the servo 
system. The heart of servo control system is a 
microprocessor-controlled unit which contains almost all 
the operator selectable functions for the system. Various 
modes of operations are as follows: 

Ready. In this mode, system is ready to accept auto 
acquisition commands. 

Manual position. Antenna positioning is possible using 
synchro position handwheel. 

Command angle. In this mode, the antenna can be 
positioned to any desired position by selecting the 
required angle on the command angle display. 

Manual rate. Antenna can be moved at constant rates 
in both axes. 

Program track. In this mode, the antenna movement is 
controlled by the computer which is connected to the 
system. 

Auto backup modes. If the target is lost then these 
modes come into play and put system ready for reac 
quisition. 

Control circuit for servo system is designed usin{ 
logic chips and solid state devices specially designe< 
for fully automatic functions and operators ease. Th 
servo control unit feeds the compensated/integrated d.i 
error signals, to torque bias circuitry, which is responsibl 
for torque-biasing the two drives of each axis such tha 
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backlash of the gears is effectively removed. The torque 
bias, in turn, feeds signals to power the amplifier and 
to servo motors. Drive motors are coupled to load 
(antenna) through torque coupling. Power amplifiers also 
incorporate current feedback and limiting circuits. 

Instantaneous angular positions of antenna are dis¬ 
played by the digital display unit with a resolution of 
0.01°. Dual speed synchro transmitters coupled to each 
pedestal axis provide input to this unit. 

Zenith pass is tracked in programme tracking mode, 
thus keeping loss of data to minimum in passes having 
elevation angles higher than 89° due to the AZ-EL 
mount constraint. 

The integrated servo control system is a user-friendly 
system built around a PC AT 486. This also does. 

- Scheduling of passes for the station and configuring 
the station for the particular mission. 

- Moves antenna to desired angles (to expected direction 
before a pass) 

- Monitors all critical parameters during realtime and 
automatic feedback to programme tracking in case of 
auto track failure. 

- This system generates its own pre-pass planner report 
giving look angles of antenna for the satellite trajec¬ 
tory, making it a stand alone system. 


Characteristics of servo system 


Motor 

7.5 HP, 5,000 rpm, short time rating 
up to 15 HP 

Pointing accuracy 

±0.1° 

Synchro/readout accuracy 

0.01° 

Maximum velocity 

Azimuth 227s 

Elevation 57s 

Maximum acceleration 

Azimuth 107s 2 

(in auto mode) 

Elevation 17s 2 

Locked rotor frequency 

4.2 Hz 

Power amplifier 

Using single phase, fully reversible, SCR 
power amplifier peak current 70 amp 


Receive system 

Low noise amplifiers (LNA) 

The front end amplifier of X band and S band systems 
is GaAs FET LNA. The noise temperatures of these 
units have been so selected that the station provides a 
G/T of 31 dB/K in X band and 19.6 dB/K in S band. 
(Low noise amplifiers of appropriate noise figure and 
gain have been used in the difference channel also to 
amplify the error signal after the phase communication 
unit.) The gains of the LNA are so selected that, the 
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error amplitudes are comparable to the sum signal 
amplitudes to create the amplitude modulation index of 
the tracking signal within a limit of 30% in X band 
and 15% in S band. 

X band tracking unit 

The amplitude-modulated tracking signal is generated 
separately in the tracking unit. The sum signal from 
the data LNA is divided into two channels. One channel 
goes independently as a data channel not interfered by 
the tracking information. The other channel is fed to a 
6dB directional coupler. The difference channel signal 
from the corresponding LNA is passed through a variable 
phase shifter and fed to the 6 dB directional coupler to 
which the sum channel signal is also fed. The error 
channel thus amplitude modulates the sum channel in 
the coupler to create an amplitude modulated tracking 
signal. 

The phase shifter in the difference channel provides 
a fine phase matching between sum and difference 
channels. The tracking unit is mounted inside the antenna 
hub nearer to sum LNA to avoid cable losses at RF 
frequency. 

X band synthesized up/down converter 

The X band synthesized down converter unit inside the 
hub receives the data and tracking channel RF signals. 
There are three downconverter channels, two for data 
and one for tracking. 

The signals are passed through the input band pass 
filters and get mixed in a double balanced mixer with 
the local oscillators, i.e. synthesized oscillators, to get 
converted to IF signals of 375 MHz frequency. The 
down converter is designed to cover the entire allotted 
frequency band of 8025—8400 MHz. The same synthe¬ 
sized oscillators feed down converters and the upconver- 
ters for test loop through power dividers. 

A test signal of 375 MHz of PAN and LISS-HI from 
the simulators coming from control room are upconverted 
in synthesized upconverter and these combined RF signals 
are fed to test coupler in front of LNA for local loop 
data quality checking of system. 


Data demodulators and bit synchronizers 

The X band data and tracking signals driven down from 
the antenna hub to the control room are amplitude- 
equalized and amplified. 

The data signal is fed to the respective multifunction 
DEMOD/BSSCs to extract the PAN and LISS-HI payload 
data in I and Q channels and the clock signal. 

537 




SPECIAL SECTION: IRS-1C 


One set of DEMOD/BSSC is available as stand-by 
for either PAN or LISS-III data in main terminal for 
recording in case of backup terminal non-availability 
due to clash of passes of other missions. 

The ECL signals from the demodulators/BSSCs are 
buffered and fed to the corresponding high density tape 
recorders for on line recording. 

The LISS-III X band tracking IF signal is fed to a 
PLL type tracking receiver to extract the AM video. 
Both tracking signal IF of S band and AM video of 
X band tracking chain are fed to tracking receiver 
through coaxial switch for selecting the tracking chain. 
The tracking receiver can select and demodulate either 
the AM video of X band or 70 MHz IF of S band 
tracking signal. The tracking receiver output of AZ and 
EL dc errors are fed to servo system. 

A stand-by to tracking receiver for S and X band 
tracking is also provided as a tracking controller unit 
as this is one critical unit and can cause loss of data 
in case of tracking failures. 


Back up terminal 

Terminal-II is an identical terminal as the main station 
of IRS-1C and provides backup support. The data and 
clock of PAN and LISS-III are driven through fiber 
optical link to IRS control room for recording on 
stand-by recorders. 


Telemetry reception 

The telemetry (TM) signal, which can also be used as 
tracking signal, is fed through a power divider (in front 
of the tracking receiver) to the telemetry receiver to 
demodulate the PSK modulated sub-carrier. 

The PSK sub-carrier is fed to a PSK demod/bit- 
synchronizer to extract low bit rate real time and play 
back TM data for recording. Low bit rate data are sent 
to SCC on data lines. 


Receive system specifications 


Parameter 

S band 

X band 

Frequency band (MHz) 

2200-2300 

8025-8400 

Feed configuration 

Composite 
single channel 

Monopulse 

Cassegrain 

Antenna gain (dB) 

43.0 

54.0 

Beam width (deg) 

0.93 

0.25 

G/T (dB/K) 

19.6 

31.0 

Polarization 

RHC 

RHC 


IRS-1C frequency/payload parameters 


Payload 

Parameter 

PAN 

LISS-III 

X band 




Data rate (Mbps) 

Type of modulation 

Carrier frequency (MHz) 
Beacon frequency (MHz) 

84.903 

QPSK 

8150 

8255 (CW) 

42.4515 

QPSK 

8350 

S band 




Telemetry 

Telemetry carrier (MHz) 

HK data and star sensor 
2203.2 

data 

Sub carrier frequency 
for HK (kHz) 

25.6 



Data rate (bps) 

512 



Sub carrier 
frequency (kHz) 

128 



Star sensor (kbps) 
Modulation type 

6.4 

PCM/PSK/PM 


Link estimate 



Sensor 


Parameter 

PAN 

LISS-III 

Beacon 

Frequency (MHz) 

8150 

8350 

8255 

Modulation 

QPSK 

QPSK 

— 

Data rate (Mbps) 

84.903 
(79.3 dB) 

42.4515 
(76.3 dB) 

_ 

Orbit height (km) 

817 

817 

817 

Transmitter power 

16 dBw 

16 dBw 

+20 dBm 

Onboard losses 

2 

2.2 

2 

Onboard antenna gain (dBi) 

+7 

+7 

+7 

EIRP 

21 dBw 

20.8 dBw 

25 dBm 

Elevation (deg) 

5 

5 

5 

Free space path loss 
(range 28-20 km) 

179.7 

179.9 

180.5 

Miscellaneous loss 

2 

2 

2 

G/T of NRSA station 

30.2 

30.2 

30.2 

Receive CNDR (dB) 

98.1 

97.7 

71.3 

Eb/No available (dB Hz) 

18.8 

21.4 

— 

Eb/No required for 

BER of 1 x 10~ 6 
(CNDR for beacon) 

12.5 

12.5 

68.0 

Margin available (dB) 

6.3 

8.9 

3.3 


For X band total system noise temperature is taken as 240 K for 
calculation of G/T. 


Test facilities 

For qualifying the entire data reception station for quality 
data reception, adequate test facilities are required which 
must be able to quantitatively certify entire receive chain 
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prior to satellite visibility. For this, the following facilities 
are established. 

Local and RF loop checks. Modulated test signals are 
fed from a baseband simulator to the test coupler via 
a modulator and upconverter to simulate the realtime 
data streams of satellite and check the BER performance 
of the entire receive chain. 

Boresight test facility. A boresight has been installed 
about 750 m away from the Earth Station antennae 
providing a near field boresight. One antenna each of 
1.2 m dia and with multiband focal feed are mounted 
on top of a 30 m tall steel tower. These antennae point 
to the main earth station antennae of Terminal-I and 
Terminal-II. 

For testing, a simulated signal from spacecraft suitcase 
model is transmitted from boresight and received by 
earth station antenna. 

Boresight transmission is used for checking the BER 
performance of receive system and also auto track 
performance of the antenna and servo control system. 

Electrical sub-system 

Since the antenna has to continuously track the satellite 
for its entire visibility, it is essential that reliable electrical 
power system should be available. At NRSA earth station 
a captive power generation system apart from State 
Electricity Board feeder is available as follows: 



Capacity 

Quantity 

Diesel generating sets (kVa) 

100 

1 


200 

2 

Uninterrupted power supply 

180 

2 

systems (kVa) 

55 

2 


During satellite pass systems use only DG set power 
and all essential system (viz. computers, HDTRs, receive 
chain) uses only UPS power. 

Communication link 

Dedicated communication links are established between 
ISTRAC Bangalore, Earth Station Shadnagar and NRSA 
Balanagar and are used for VOD circuits, speech circuits 
and TP circuits for receiving and transmission of data. 

VOD link/FAX 

Presently two data circuits, six voice circuits and two 
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TP circuits are operational between NRSA Balanagar 
and Earth Station Shadnagar. One more data circuit is 
being established between SAC Ahmedabad and NRSA 
Balanagar. 

Similarly, three VOD circuits and two TP circuits are 
operational between Earth Station, Shadnagar and 
ISTRAC, Bangalore. Out of three VOD circuits, two 
are used as data circuits and one is used as speech 
circuit. One FAX CCT is also operational through hot 
line between Balanagar, Shadnagar and ISTRAC. 

This communications link network is used for sending 
data to/from Spacecraft Control Centre and Earth Station. 
Information such as state vectors, pass scheduling and 
ancillary CCT, etc. are transferred on these links for 
reliability and saving on time. 

Data archival and real-time systems 

Data archival and real-time systems carry out the function 
of real-time data recording of both the sensors LISS-III 
and PAN on HDTRs from IRS-1C satellite, extraction 
of ancillary information in real-time from both the 
sensors, recording of LBT along with payload on HDTR 
and transfer of the same to the system along with 
auxiliary data and real-time telemetry data transfer to 
Spacecraft Control Centre (SCC), Bangalore. 

The system also process the ephemeris data, attitude 
of the satellite from the real-time auxiliary information 
and then generates the ancillary information for data 
processing including data quality. Similar functions are 
carried out for night OBTR data also. In addition to 
the above, the system records the calibration data in 
real-time during night calibration passes and carries out 
the calibration analysis, which forms one of the basic 
input for data quality evaluation. The system is tightly 
scheduled for 24 h operations. 


Description 

The systems are broadly classified into: Data recording 
systems, timing support systems, and real-time computer 
systems. 

Data recording systems 

Primarily, Metrum make 28-track high density digital 
tape recorders are used for data recording. Along with 
the data on digital tracks, the analogue tracks are used 
for telemetry and UTC (time) for both payloads (LISS- 
III/PAN), including OBTR and CAL. 

The data rates are 84.953 Mbps for PAN, 42.45 Mbps 
for LISS-III and 42.45.Mbps for OBTR passes. The 
recording speeds are 127 IPS for PAN and 63.5 IPS 
for LISS-III. OBTR data can be PAN-1 or Q or LISS-III. 
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OBTR data are played in reverse mode from OBTR 
for recording forward on HDTR. After the real-time 
pass the reverse data are played and copied forward on 
to another HDTR to create forward OBTR data tape. 


Timing and support systems 

These systems include timing systems, data path con¬ 
troller, multi-function front-end processing hardware 
(MFPH), LBT frame synchronizer, fibre optic links, bit 
error test systems, etc. 

Timing systems comprise of time code generators to 
maintain the synchronized station time with respect to 
GPS, time code translators to read time from HDTR’s, 
time buffers to distribute the serial and parallel time to 
various units in the system. Time is maintained with 
an accuracy of better than 1 microsecond. 

Clock, data and time goes through a number of 
distribution channels through patching. This has been 
achieved through a data path controller developed in- 
house. The necessary controls are generated by a micro 
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controller. Thus all the patchings are done electronically. 
Fiber optic links were also developed in-house to drive 
the backup terminal data to the recording systems. 

Multi-function front-end processing hardware is a 
frame synchronizer for each sensor of LISS-III and 
PAN. It also provides a display for each sensor separately 
for a selected band of data after decommutation. WiFS 
being a part of LISS-III stream, the MFPH used for 
LISS-III separates WiFS data and provides the display. 
MFPH units are developed for real-time data rates. 
Hence in real-time using the read-after-write mode of 
HDTRs, the data are fed to MFPH units which transfers 
the auxiliary data to computer system while providing 
the real-time single band display after de-commutation. 
Thus, during real-time data can be seen on quick-look 
displays for PAN, LISS-III and WiFS either in frame 
mode with annotation or in the scroll mode without 
annotation. All the systems were developed in-house. 

The LBT data, after frame synchronization in telemetry 
interface unit (TIU), gets logged in the system in DMA 
mode to act as secondary source for auxiliary data and 
will be used for ancillary data generation in case, the 
auxiliary data from video is not available or usable. 

Figure 2 gives the details of recording systems and 
Figure 3 gives the details of timing systems. 
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Figure 2. IRS-1C data recording systems. 


Figure 3. Timing systems. 
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All the systems are validated for bit error performance 
using the bit error test system. These test systems were 
also developed in-house. The BER value of better than 
1 in 10“ 8 is maintained throughout. Test data are recorded 
on every HDDT before the pass for the validation of 
HDDT, HDTR and the same will help in validating the 
reproduction systems. All the systems are validated 
before every pass using BER test systems. 

Real-time computer system 

Real-time computer system is configured around VAX- 
3400 with all the peripherals as given in Figure 4. The 
system works under the open VMS environment. All 
the activities of the system are controlled by schedulers 
for supporting day payload operations, night OBTR 
operations and CAL operations. The system functions 
are basically divided into pre-pass activities, real-time 
activities and post-pass activities. The pre-pass activities 
refer to the system validation, for all its hardware and 
software function from HDTRs to end product. Real-time 
activities refer to the pass activities and post-pass acti¬ 
vities refer to product generation. All the software has 
been developed in-house and is in regular operations. 
The functions of the systems in brief are as follows: 

- Invoking schedulers for scheduling the real-time passes 

- Generation of antenna look-angles based on state 
vectors for both day and night passes. 

- Recording of data including LBT and GRT, extraction 
of auxiliary data, display of data (PAN, LISS-III and 
WiFS) along with annotation in real-time and creation 
of auxiliary data files. 

- WiFS raw video data are also logged into the system 
along with LISS-III auxiliary data. 


- Logging of low bit rate telemetry (LBT) and raw star 
sensor (RST) data into computer system. 

- Real-time telemetry support to SCC. 

- Real-time display of satellite health parameters on the 
monitor. 

- After the real-time passes scheduling software will 
validate the quality of auxiliary data logged-in and 
generates the validated telemetry master frame from 
the same. 

- Play back and repetition of all the above operations 
in case of data quality of auxiliary data logged is 
bad. 

- Satellite ephemeris generation for the day and night 
passes. 

- Attitude determination for payload and OBTR passes. 

- Generation of ADIF and transfer on network to infor¬ 
mation management systems at Balanagar for the 
payload and OBTR passes. 

- Generation of WiFS optical disk for payload and 
OBTR from the WiFS disk data file. 

- Dispatch of HDDTs, WiFS optical disk to Data 
Processing Systems at Balanagar for all payload and 
OBTR passes. 

Real-time systems are networked to Information 
Management Systems at Balanagar and Computers Sys¬ 
tems at SCC, Bangalore. Hence the information transfer 
will be on the network. They include state vectors, 
attitude bias, raw star sensor data for the last pass of 
the day from Mauritius, ADIF transfer to IMS, pass 
schedulers, daily operation reports, payload programming 
requests and confirmation between NRSA Data Centre 
and SCC. All the network data transfers take place 
under DECnet, TCP/IP environment. 
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Data processing system of IRS-1C and data 
quality evaluation 


K. Jairam Hebbar, K. L. Majumdar*, S. S. Palsule*, K. M. M. Rao, J. D.Murthy, 
V H Patel* P K Srivastava*, B. Lakshmi, V. Vittal Reddy, Francis Xavier, 
r! foseph lrokiadas, l" Ramak’rishnan*, N. S. Parandhaman and D. Kaveri Dev, 


National Remote Sensing Agency, Balanagar, Hyderabad 500 037, India 
*Space Application Centre, Ahmedaba d 380 053, India __ 

The Department of Space, Government of India, 
recognized the need for harnessing space technology 
for various applications and acquired state-of-art 
capabilities in the development and establishment of 
operational remote sensing satellites. Considering the 
success of IRS series so far, the Department of Space 
took up the development of IRS-1C satellite. 

The IRS-1C satellite is an improved version of the 
earlier IRS missions, both in terms of sensor and 
re-visit capabilities. The National Remote Sensing 
Agency at Hyderabad, India, receives and processes 
data from remote sensing satellites, including IRS-1C. 
In this article we give details on the entire gamut or 
data processing facilities including filming, photo 
processing and quality control facilities, and also give 
a detailed account of the various systems-both 
hardware and software. As great emphasis is placed 
by DOS on ensuring quality of the sensors as well as 
data acquisition and processing systems, therefore, data 
quality evaluation is also dealt with separately in this 
article. __ 


The Department of Space (DOS), considering the need 
for remote sensing technology in India, planned a series 
of Remote Sensing satellites to be built indigenously. 
To receive and process the data from remote sensing 
satellites, facilities were set up at National Remote 
Sensing Agency (NRSA) at Hyderabad, India. 

At NRSA/DOS, since 1979, facilities were established 
for receiving and processing data from Landsat and 
Metsat satellites. Gradually, these facilities were 
upgraded to handle SPOT, IRS and ERS-1 data. Over 
the years NRSA/DOS has gained expertise in the develop¬ 
ment of indigenous hardware and software for data 
processing and reception. The facilities at NRSA are 
geared up to receive and process data from IRS-1C 
satellite. The main centres involved in the development 
of this facility are NRSA, SAC and ISAC. 

The data from IRS-1C are received at the Data 
Acquisition Facility established at Shadnagar on High 
Density Tapes (HDT) and are sent to Balanagar Data 
Processing facility for further analysis. The browse 
processing is carried out routinely and then the HDT 
is sent to the archives for storage. Based on the user 
request, the NRSA Data Centre processes the data in 
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users defined format through an Integrated Information 
Management System (IIMS). Depending on the request 
either for photo or digital products, the data are generated 
to meet the user’s need. Figures 1 and 2 depict the 
different stages of photo products generations respec¬ 
tively. Typical sequence for photo products generated 
include: data processing, film recording and processing, 
quality check and photo products generation. Finally, 
the product is quality-checked and dispatched to the 
users. Similarly, for digital products, the data request 
is processed at data processing system and then sent 
for digital quality control, after which the data are made 
available to the respective users. All the activities, as 
mentioned above, are carried out under the control of 
IIMS. The following sections provide the details of each 
of the systems as well as the data products-generation 
mechanism. 

Data Processing Systems 

Data processing system (DPS) is a very important element 
in the data products generation chain. Its main function 
is to convert the raw video data of various sensors of 
IRS-1C recorded on HDTs at the Level-0 system facility 
(Earthstation, Shadnagar) into different types of products 
after performing radiometric and geometric corrections. 

As large volumes of data are to be processed (for 
example: 112 MB of raw data for one LISS -in scene) 
to meet the throughput requirement of generating 42 
products per day and also to perform various other 
activities like swath modelling, data quality evaluation 
(DQE) and ground control point (GCP) library updation, 
etc. three computer systems, viz. DPS-I, DPS-11 and 
DPS-III have been configured. The system configurations 
of DPS-I and II are identical to each other (Figure 3). 
Standard, geocoded and special products of LISS-III, 
PAN and MIR data are generated using DPS-I and 
DPS-II. DPS-III is used to generate WiFS data products 
and also supports swath modelling as well as performing 
radiometric and geometric DQE on various products and 
updates GCP library (Figure 4). 

Based on the load and the capacity of each DPS, a 
master scheduler distributes work orders to DPS-I, DPS-II 
or DPS-III (WiFS) for products generation. This master 
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Figure 4. Block diagram of DPS-1II. 


scheduler performs functions like normal request queuing, 
priority request queuing (for out-of-turn generation of 
urgent products), initiation of jobs on multiple DPSs 
for swath modelling, DQE and WiFS backdated requests 
etc. 

Specified number of products requested by users which 
are registered by NRSA Data Centre (NDC) reach DPS 
through IIMS when master scheduler is invoked. 
Individual DPSs invoke another scheduler called DPS 
scheduler (local to the particular DPS) which gives 
number of jobs for the session for that particular DPS. 
The next step in DPS-I and DPS-II is to ingest the raw 
data from HDT onto the hard disk connected on the 
APTEC I/O computer (IOC) via an inhouse developed 
hardware, called multifunction frontend processing 
hardware (MFPH). Radiometric and geometric correc¬ 
tions are applied by APTEC IOC and array processor 
using the data processing software. 

In DPS-III, WiFS B/W and colour film products as 
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well as digital products are generated by reading the 
raw data from optical disks (written at Level-0 system, 
Shadnagar). Apart from this, both radiometric and 
geometric quality evaluation of IRS-1C products, swath 
modelling of IRS-1C passes and Ground Control Points 
(GCPs) library updation are done in this system. Zonal 
VIM and full India VIM are obtained by processing 
the WiFS data of a few days. 


Data processing software 

Data processing software for IRS-1C data products is 
designed and developed on the basis of experiences 
gained from previous IRS missions and requirements of 
new types of products with the improved capabilities 
of sensors and platform. 


Types of data products 

Different types of data products for LISSTII, PAN and 
WiFS sensors have been categorized into three groups, 
viz. standard products, special products and stereo 
products. 

Standard products. Standard products are corrected fot 
the following errors to the extent possible through 
priority knowledge and orientation parameters which aie 
updated using pseudo-orbit/attitude model - swath model, 
(i) Scene-related errors: It includes earth rotation, eaith 
shape, earth curvature and map projection, (ii) Sensoi- 
related errors: It includes mainly detector response non¬ 
uniformity, detector array alignment related and sensor 
tilt, (iii) Platform-related errors: These errors mainly 
include spacecraft altitude, spacecraft attitude, and sensor 
alignment. 

Special products. IRS-1C data products with any one 
of the following characteristics are referred to as special 
products: Special radiometric data manipulation, registra¬ 
tion between multiple data sets, usage of different data 
bases. 

Stereo products. Stereo products for IRS-1 C are defined 
to take advantage of the stereo data acquisition capability 
by tilting the PAN camera. These products are charac¬ 
terized by: Possibility to get a 3-D view of the area 
under consideration, capture of 3-D topographic data, 
removal of image distortions due to height variations. 

Various types of data products and their specifications 
are given in Table 1. 


Data corrections 

Radiometric errors. Different sources for radiometric 
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Table 1. Types of data products and specifications 


Name 

Loc. accu. 
(m) 

Int. dist. 
(pixel) 

Anisomorphism 

(%) 

Reg. accu. 
(pixel) 

Radiom. accu. 
(%) 

LISS-III scene 
(141 x 141 km) 

50-500 

±1 

0.01 

0.5 

0.5 

LISS-III scene 
(Sat) 

50-500 

±1 

0.01 

0.5 

0.5 

Quadrant 

50-500 

±1/2 

0.01 

0.5 

0.5 

Geocoded 
(Map sheet based) 

50-500 

±1/2 

0.01 

0.5 

0.7 

PAN scene 
(23x23 km) 

50-500 

± 1/2 

0.01 

NA 

0.5 

Basic stereo pair 
(23 x 23 km) 

1500 

NA 

NA 

NA 

0.5 

WiFS scene 
(810 x810 km) 

300-700 

±1 

0.01 

NA 

0.5 

District geocoded 

50-500 

±2 

0.02 

0.5 

1.0 

PAN + LISS-III 

50-500 

±1 

0.02 

1 

NA 

PAN mosaic 

50-500 

±2 

0.01 

NA 

0.7 

Point geocoded 

50-500 

±1/2 

0.01 

NA 

0.5 

Vegetation index map 
(Full India) 

2000 

±5 

0.05 

NA 

NA 

Ortho image 
(Map sheet) 

15-50 

±1/2 

0.01% 

0.5 

0.5 


distortions for IRS-1C sensors include: Non-uniformity 
response across detector arrays, non-uniformity response 
across multiple arrays, non-uniformity response over 
time, radiometric variation due to mosaicing of multiple 
scenes, and scanline losses. 

Geometric correction. This is accomplished by using a 
dynamic imaging model which consists of a number of 
transformations involving payload co-ordinate system, 
spacecraft co-ordinate system, orbital co-ordinate system 
and earth centered inertial co-ordinate system. 

Products generation 

The output products are generated either in photographic 
or digital format. The digital data are supplied with 
various levels of processing such as raw, standard, 
special and stereo. The file formats and structures in 
User CCT (UCCT) are the same for all levels of 
processing. The formats in which the digital data are 
supplied include fast and super structure formats. Digital 
data details are given in User CCT Format, 

Browsing facility 

Data from IRS-1C are acquired daily and repeatedly on 
a regular basis from the same geographical region to 
enable the study of spatial and temporal behaviour of 
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Figure 5. Browsing facility. 

the data. The repetivity period is a characteristic of the 
specific satellite and is determined by the orbit in which 
it is placed. In order to pick the right data set from 
the archived data, it is essential to scan through the 
archives. A facility to meet the above requirement is 
initially set up at NDC and will be subsequently 
accessible by various user agencies across the country 
through network. The block diagram of this system is 
shown in Figure 5. 

The browse facility consists of: (i) browse processing 
system, (ii) browse archival system, and (iii) browsing 
workstatioti(s). 
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Master film generation 

Conversion of digital data to visual data is done using 
film recorder. In the film recorder, the digital data are 
converted into optical signals using light modulator. The 
output of the light modulator is proportional to the input 
digital data. This corresponds to the ground scene data 
from the tape. 

In case of high resolution data received from 
panchromatic band the images are generated using Large 
Format Photowrite. In Large Format Film Recorder 
(LFFR), the large scale outputs are obtained by exposing 
40" x 40" B/W film, B/W paper or colour negative film. 

Photo Processing Facility 

The sophisticated Photo Processing Facility (PPF) at 
NRSA is equipped with state-of-the-art technology sys¬ 
tems such as photographic processors, contact printers, 
auto focus enlargers and quality evaluation and measuring 
devices, in addition to process monitoring and control 
systems, sensitometric lab, analytical lab, etc. The lab 
is specially designed and custom made for processing 
all types of satellite photo products. The facility was 
further augmented during 1995 with systems which are 
unique and capable of processing large format B/W and 
colour films as well as to generate large format B/W 
and colour contact films and prints. 

Both small and large format photo products generation 
systems, as given in Tables 2 to 5, identified for IRS-1C 
task, are used for processing 36 types of B/W and 
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colour master films and generating nearly 60 types of 
B/W and colour duplicate films and prints in the shortest 
possible turn around time, meeting the high quality and 
throughput requirements of the mission. 

All the photographic products during the course of 
generation are subjected to a series of in-process control 
checks and extensive preliminary quality evaluation, 
prior to despatch to QC, for further inspection and 
dissemination to the users. 

The products generated at the PPF are verified for 
quality at the QC work centre described in the next 
section. 

Digital product quality check 

All data products generated need to go through a quality 
check process in order to ensure the quality as per 
preset quality criteria. Digital product quality check 
system, checks the errors related to product media. This 
system extends a facility to check the media related 
errors in CCT, DAT, cartridge and floppy. 

Photographic products quality 

The photographic products are verified against established 
specifications. Any product deviating from the specifica¬ 
tions is rejected at the quality control and is put through 
another cycle of generation till good quality product is 
generated, i.e. only those products which confirm to the 
specifications are accepted. 


Table 2. Master film generation flow chart 
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Table 3. Large format product generation flow chart 



Table 4. IRS-1C duplicate photo products generation flow chart 



The quality of the photographic products are verified 
by using equipments like densitometer, precision linear 
measuring equipment, laminar air flow, light table, etc. 
Since the photo products go through the filming and 
photo processing systems, the parameters to be checked 
include density of master films, linearity of the gray 
scale, colour balance, dimension measurement, registra¬ 
tion of tick marks and cosmetic defects like roller marks, 
scratches, fog, dust, finger prints, kinks, etc. 
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Data quality evaluation 

The basic objective of data quality evaluation scheme 
for IRS-1C is to evaluate radiometric and geometric 
quality of data products. Radiometric quality is a measure 
of radiometric uniformity. Geometric quality is a measure 
of geometric inaccuracies caused due to platform 
attitude/orbit, sensor behaviour. 

Prelaunch phase is used (a) to characterize detector 
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Table 5. 




Figure 6. Digital quality check system. 


performance on ground, in laboratory and thermovac 
chambers (b) to develop different algorithms/packages on 
identified systems which will be used to compare sen¬ 
sor/platform performance in various levels of data products. 

Initial phase analyses sensor/platform performance at 
sub-system level and its impact on various levels of data 
products generated as user product. Radiometric quality is 
checked using raw/radiometric CCTs and geometric quality 
is checked using standard/geocoded products. 

Operational phase is of longer duration where 
radiometric/geometric quality of data products are 
monitored routinely on sample scenes. 

R&D phase is spread from initial phase to operational 
phase where accurate, detailed procedures for other 
radiometric/geometric aspect of sensor and data products 
are planned and developed to improve upon the current 
performances and providing feedback for improving 
future missions. 

Radiometric parameters . Scene-based radiometric 
parameters are computed on target/scene. Histogram of 
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the scene, target radiance to compare with other sensor’s 
measured radiance values, dynamic range of scene and 
pass are a few parameters. The ‘gain’ and the sun angle 
also have an impact on these parameters. 

Geometric parameters . These parameters quantify 
impact of (a) platform stability (orbit/attitude), (b) sensor/ 
platform registration geometry [using RCPs (relative 
control points) and GCPs (geometric control points)], 
(c) Mapping accuracy of scene co-ordinates of a point 
on the image to a corresponding point on the ground. 

The platform stability and mapping accuracy 
parameters are computed using GCP library. This library 
is a pre-defined database with latitude/longitude of 
known, measured ground control points. Video chip 
around GCPs of size 128x 128 pixel area is stored. 
The parameters are location/tick mark accuracy, scale 
and internal distortion, sidelap/overlap of scene. The 
sidelap/overlap of two adjacent scenes of successive 
paths of the same cycle and same scene repeatability 
in two successive cycles is monitored. 

Sensor-related registration parameters are band to band 
registration for LISS-III, WiFS and array registration 
for PAN. Results are stored in data bases to analyse 
the performance of the system and to monitor product 
accuracies. 

R&D DQE parameters. These parameters include 
radiometric and geometric parameters. Radiometric 
parameters are modulation transfer function/effective 
resolution element (MTF/ERE) of sensors, intersensor 
calibration. Absolute calibration of sensors, which quan¬ 
tifies the error in detector-sensor characterization on 
ground, atmospheric characterization to remove atmos¬ 
pheric effect. 
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Additional geometric parameters are height estimation 
and tilt angle verification from basic stereo pair acquired 
with different B/H ratio and anisomorphism (which 
measures ratios of major/minor axis imaged by sensor 
and the same target measured on ground. R&D DQE 
parameters require interactive and synchronous ground 
measurements, validation of input/output and verification. 

Calibration analysis. This quantifies detector perfor¬ 
mance of all bands/arrays of LISS-III and PAN sensors. 
The execution of onboard calibration scheme is scheduled 
by the mission at night. The data are acquired at 
Shadnagar, CAL-ANL S/W is executed in near real 
time. This flags deviated detector behaviour depending 
on Chi-square threshold value and compares current 
cycle detector performance with previous and ground 
observed detector performance. The calibration DQE 
package computes standard/relative error, S/N ratio, 
dynamic range, LED intensity distribution over an array, 
LED status, dark current. This quantifies detector per¬ 
formance without using optics. 

Integrated Information Management System 

The Integrated Information Management System (IIMS) 
supports and links the chain of operations from data 
acquisition through data distribution. The development 
of this system was earned out as a part of the IRS 
mission requirement and it is capable of handling all 
IRS missions. 

The objectives of IIMS are for archiving the infor¬ 
mation on IRS-1 C images and products and to provide 
product retrieval facilities. IIMS is operational since 


1988 and made operational for IRS-IC mission from 
the day of IRS-IC launch. 

Conclusion 

A number of new types of data products are to be 
generated and provided to users. The better resolution 
and other improved quality sensors of IRS-IC, should 
give a boost to new applications. It is therefore expected 
that there will be high demand for IRS-IC data products. 
The facility therefore is geared up for taking care of 
this. 
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IRS-1C data products generation and 


dissemination 
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The success of a satellite launch depends on the usage 
of satellite data. The usefulness of satellite data, in 
turn, depends to a large extent, on the way in which 
data are archived, processed and distributed. The 
NRSA Data Centre (NDC) in NRSA, Hyderabad, is 
responsible for supplying the satellite data products to 
various organizations both in India and abroad. In this 
article we give details of the type of services available 
to assist users in the selection of data, the procedure 
for placing an order, the operations which are required 
to be done for the generation of the final product and 
the various types of data products, with special reference 
to IRS-1C, that are going to be supplied to the users. 


K. M. M. Rao, B. Laxmi, 

. Kaveri Devi, D. Chandrashekaran, 


recording of various payload data are done at the Ground 
Station of the National Remote Sensing Agency (NRSA) 
at Shadnagar. Products generation and dissemination are 
carried out at the Balanagar facilities. The NRSA Data 
Centre (NDC) takes care of dissemination of data products, 
besides taking care of advising users. The usefulness of 
the satellite data depends, to a large extent, on the way 
in which it is archived, processed and distributed. 

A number of tools are available at NDC to assist 
users in the selection of appropriate data. With the help 
of the browse and accession data from the Integrated 
Information Management System (IIMS), NDC provides 
these services to users. The sequence of data products 
supply operations is shown in Figure 1. 


IRS-1C is the third satellite in the operational Remote 
Sensing Satellite series launched on 28 December 1995 
from Baikanur. IRS-1C incorporates more advanced fea¬ 
tures than its predecessors. It also carries a tape-recorder 
onboard for recording the data when data aie not being 
transmitted in real time. IRS-1C has three cameras 
onboard, viz. (i) a panchromatic camera (PAN), (ii) a 
Linear Imaging Self-Scanning Sensor-Ill (LISSTII) and 
(iii) a Wide Field Sensor (WiFS). Considering the com¬ 
plex nature of the payloads, generation of good data 
products and their dissemination to the users assumes 
paramount importance. 

The On Board Tape Recorder (OBTR) is capable of 
recording specified sensor data. It has the capability to 
receive and record a stream of 42.4515 Mbps data. Hence, 
either half swath of PAN (PAN-I or PAN-Q) or LISS-III 
(with or without WiFS) can be recorded. The payload 
operation sequence for the whole day can be loaded daily 
onto the onboard command memory of the OBTR when 
the satellite is within the visibility range. The recorded 
data are downlinked over the Indian ground station at 
Shadnagar, Hyderabad during the night passes of satellite. 

Any improvement in the satellite/sensor technology is 
of no use unless a matching change takes place in the 
ground segment. For this reason, an effective data- 
dissemination mechanism is of utmost impoitance. 

The imaging segment comprising of satellite data 
reception and archiving systems, data processing for 
products generation systems and data dissemination 
centre are established at Hyderabad. The reception and 
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Figure 1. Data products supply operations. 
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Services 

Data availability 

Information on all IRS-1C data accessions is available 
in the form of accession catalogues in IIMS, which is 
updated everyday with the meta data of the day’s passes. 
It is also planned to append the IRS-1C accessions 
acquired all over the world by the various International 
Ground Stations (IGSs) and OBTR. This data base is 
maintained at NRSA and Earth Observation Satellite 
Company (EOSAT), USA (world wide marketing partners). 



Figure 2. LISS-1II browse image. 


Auto cloud cover estimation 

Manual cloud cover estimation, which is being done at 
NDC currently, for other missions is time-consuming. For 
cloud/snow cover estimation automatically, a system 
‘ACCESS’ and an expert system ‘ACCEPT’, (for converting 
the results into effective cloud/snow cover values) are being 
implemented. This process will be run for all IRS-1C data 
acquired to generate cloud cover percentages, quadrantwise. 

Provision exists to estimate cloud/snow cover for a 
given mapsheet or quadrant and for generation of Bit 



Figure 3. PAN browse image. 


Table 1, Typical IRS-1C orbital calendar 


Day 






Path number 








1 

1 

318 

294 

270 

246 

222 

198 

174 

150 

126 

102 

78 

54 

30 


2 

6 

323 

299 

275 

251 

227 

203 

178 

155 

131 

107 

83 

59 

35 


3 

11 

328 

304 

280 

255 

232 

208 

184 

160 

136 

112 

88 

64 

40 


4 

16 

333 

309 

285 

261 

237 

213 

189 

165 

141 

117 

93 

69 

45 


5 

21 

338 

314 

290 

266 

242 

218 

194 

170 

146 

122 

98 

74 

50 

26 

6 

2 

319 

295 

271 

247 

223 

199 

175 

151 

127 

103 

99 

55 

31 

7 

7 

324 

300 

276 

252 

228 

204 

180 

156 

132 

108 

84 

60 

36 


8 

12 

329 

305 

281 

257 

233 

209 

185 

161 

137 

113 

89 

65 

41 


9 

17 

334 

310 

285 

262 

238 

214 

180 

156 

132 

108 

84 

60 

36 


10 

22 

339 

315 

291 

267 

243 

219 

195 

171 

147 

123 

99 

75 

51 

27 

11 

3 

320 

296 

272 

248 

224 

200 

176 

152 

128 

104 

80 

56 

32 

12 

8 

325 

301 

272 

253 

229 

205 

181 

157 

133 

109 

85 

61 

37 


13 

13 

330 

306 

282 

258 

234 

210 

186 

162 

138 

114 

90 

66 

42 


14 

18 

335 

311 

287 

263 

239 

215 

191 

167 

143 

119 

95 

71 

47 


15 

23 

340 

316 

292 

268 

244 

220 

196 

172 

148 

124 

100 

76 

52 

28 

16 

4 

321 

297 

273 

249 

225 

201 

177 

153 

129 

105 

81 

57 

33 

17 

9 

326 

302 

278 

254 

230 

206 

182 

158 

134 

110 

86 

62 

38 


18 

14 

331 

307 

283 

259 

235 

211 

187 

163 

139 

115 

91 

67 

43 


19 

19 

335 

312 

288 

264 

240 

216 

192 

168 

144 

120 

96 

72 

48 

24 

20 

24 

341 

317 

293 

269 

245 

221 

197 

173 

149 

125 

101 

77 

53 

29 

21 

5 

322 

298 

274 

250 

226 

202 

178 

154 

130 

106 

82 

58 

34 

22 

10 

327 

303 

279 

255 

231 

207 

183 

159 

135 

111 

87 

63 

39 


23 

15 

332 

308 

284 

260 

236 

212 

188 

164 

140 

116 

92 

68 

44 


24 

20 

337 

313 

289 

265 

241 

217 

193 

169 

145 

121 

97 

73 

49 

25 

25 

1 

318 

294 

270 

246 

222 

198 

174 

150 

126 

102 

78 

54 

30 
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map printouts showing cloud-covered areas for a given 
full/quadrant scene/mapsheet. 

Digital browse facility 

Using the digital browsing facility, users can browse the 
image for deciding on the acceptability of the image with 
respect to cloud cover over the scene and data quality. 
LISS-III and PAN browse images are generated and 


compressed at the Browse Processing System (BPS) the 
day after acquisition. This is transferred to NDC via 
the (facility wide) Network for archiving the data on 
Optical Jukebox. The optical jukebox provides on-line 
storage of browse data for the entire mission period. 
For IRS-1A/1B, Landsat and other missions, optical 
disks are being used and these can store data of a few 
months only. Handling of multiple optical disks manually 
can be avoided with the optical jukebox, 



Figure 5. Data products generation chain. 



Figure 6. Payload programming activities. 
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Menu-driven browsing software is provided on each 
browsing station. Based on the user input, the requested 
data will be retrieved from the jukebox, decompressed 
and displayed along with the corresponding annotation. 
Data manipulation like enhancements can also be carried 
out for better assessment. 

LISS-III browse images are subsampled to 512 scan¬ 
lines X 512 pixels. The images are in colour (3 bands) 
while PAN browse data have 1024x 1024 pixels in 
B&W. Sample LISS-III and PAN images are shown 
respectively in Figures 2 and 3. 

Referencing scheme maps 

Referencing scheme maps are generated with path/row 
and scene centre marked on a baseline map to assist 
users in identifying the area of interest. The referencing 
scheme map for IRS-1C is provided to users in thiee 
different types: tor India (Figure 4) and neighbouring 
countries on 1 : 6,000,000 scale; six zones of India, viz. 




Figure 7. Standard LISS-III, full scene. 


Central, North, South, East, West and Andaman and 
Nicobar on 1 : 4,500,000 scale; and the entire coverage 
of the Hyderabad earth station. 

A world referencing scheme map showing the coverage 
of IRS-1C on land and water from 81°N to 81°S will 
assist users in global programming. The map is ^ in 
Mercator projection on 1 : 62 million scale. The refer¬ 
encing scheme map of the world zones, Asia, Europe, 
North America, Africa, Australia and Antarctica is also 
available. 

Orbital calendar 

Orbital calendar, giving the details of paths covered on 
different days, is helpful to users to plan their procure¬ 
ment of satellite data products. Using this, it is possible 
to know, on which day the required data have been 
collected or are going to be collected. A sample IRS-1C 
orbital calendar is given in Table 1. 
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Table 2. IRS-1C standard products 


Sensor 

Product 

Product description 

Media (Digital, 
photographic) 

Scale 

PAN 

Sub-scene 

Based on path/row and sub¬ 
scene (1-9) 

CCT, CART, 
DAT, Floppy 

1 : 250,000 

1 : 50,000 


Shift along 
track 

Same like sub-scene, shifted 
along the track by user specified 
percentage. This is to accom¬ 
modate user area if it falls 
between two rows 

CCT, CART, 
DAT 

1 : 250,000 

1 : 50,000 


Basic 

stereo pair 
(2 sub-scenes) 

Based on path/row sub-scene 
B/H ratio. Only radiometrically 
corrected 

CCT, CART, 
DAT 

1 : 250,000 


Basic 
stereo pair 
(2 sub-scenes) 

Based on path/row sub-scene 
B/H ratio, with partial geometric 
correction 

CCT, CART, 
DAT 

1 :250,000 


Geopoded 

a\ x7f) 

Based on map sheet and 
quadrant number. North oriented 

CCT, CART, 
DAT 

1 : 25,000 

WiFS 

Standard 

Path/row-based 

CCT, CART, 
DAT 

1 :6M 

1 : 2M 


Shift along 
track 

Like standard with shift in the 
forward direction as per user 
specified percentage 

CCT, CART, 
DAT 

1 :6M 

LISS-III 

Standard 
(Figure 7) 

Path/row based 

CCT, CART, 

DAT 

1 : 1 M 

1 : 250,000 


Shift along 
track 

Like standard with shift in the 
forward direction as per user 
specified percentage 

CCT, CART, 

DAT 

1 : 6M 

1 : 250,000 


Quadrant 
(Figure 8) 

One fourth of a full scene, based 
on path/row and quadrant no. 

CCT, CART 

1 : 500,000 

1 : 125,000 


Geocoded 

(15'xl5') 

(Figure 9) 

Corresponds to map sheet 
number. North oriented 

CCT, CART, 

DAT 

1 : 50,000 


topefrf C 6250bpi° f 525 MB; DAT ’ 8 mm EXabyte tape With 5 GB ca P acit ^ CCT, Computer compatible 


Data products generation facility 

The data products generation facility is for operational 
generation of photographic and digital products from 
IRS-1C data after various levels of processing. IIMS is 
used for routing and monitoring. The production chain 
linked through is shown in Figure 5. 

IIMS 

IIMS is one of the systems in the IRS-1C operations 
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infrastructure to support and link the chain of operations 
from data acquisition through distribution. This system hand¬ 
les large volume of users (more than 1,000) and products 
(20,000 per year) and it is capable of handling all IRS 
missions as well as SPOT, Landsat, ERS and NOAA. 

Archival and retrieval. The data recorded on high density 
tapes (HDDTs) are catalogued and archived before they 
are used by data products generation system as required. 
The retrieval through IIMS is automatically carried out 
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Table 3. IRS-1C special products 


Sensor 

Product 

Product description 

Media (Digital, 
photographic) 

Scale 

PAN 

5'x5 7 

Geocoded 

Based on area centre lat./long. 
standard correction. North oriented 


1 : 125,000 


Full scene 

Generated by mosaicing the data 
collected by all the three arrays, 
path/row based 

CCT, CART 

1 : 125,000 


Shift along 
track 

Like full scene with shift in the 
forward direction as per user 
specified percentage 

CCT, CART, 
DAT 

1 : 125,000 


Quadrant 

One fourth of a full scene. 
Applicable to OBTR data 

CCT, CART, 
DAT 

1 :250,000 


Ortho image 

Based on path/row sub-scene and 
B/H ratio 


1 : 50,000 

WiFS 

Zonal 

(Figure 10) 

India is divided into 10 zones. 
These products are supplied zone 
wise by mosaicing the scenes 

CCT, CART, 
DAT 

1 :2M 


VIM zonal 
(Figure 11) 

Vegetation index maps from WiFS 


1 :2M 


VIM full India 
(Figure 12) 

Same as above for the full country 


1 :6M 

LISS-III 

District 

geocoded 

Districtwise north-oriented pro¬ 
ducts by mosaicing the scenes. 
Districts are categorized into four 
classes (A, B, C, D) depending 
on area extent 

CCT, CART, 
DAT 

1 :250,000 
(Class A, B) 

1 :500,000 
(Class C, D) 

LISS-III 

Merged 

Based on PAN sub-scene merged 
with LISS-III 


1 :25,000 


during the routing process of user request to data 
processing systems. 

User services : A complete updated catalogue of available 
images, master films and HDDTs is maintained. Various 
utilities for conversion of geographic coordinates into 
path-row and corresponding mapsheet numbers and vice 
versa are prepared. 

Order processing : Requests for photographic and digital 
products are converted into a sequence of order-process¬ 
ing instructions, to either the data processing system 
and/or Photolab via respective terminals. This module 
handles various sub-systems of the production chain like 
digital quality control system, filming system, photolab, 
master quality control, master film archival as well as 
billing and despatch. 
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Accounting cind management. IIMS is equipped with 
invoicing and accounting capabilities. Monitoring func¬ 
tions include identification of the production history of 
a specific product, production scheduling, etc. 

Data archival 

Raw data acquired by NRSA from all sensors/satellites 
are archived in HDTs. Master films of geocoded and 
fixed full scenes of the processed photo products are 
also archived. 

Browse processing system (BPS) 

As already described, BPS generates digital subsampled 
chips of LISS-III and PAN scenes acquired. 
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Data processing system (DPS) 

DPS systems convert the raw video data into different 
specified products after necessaiy processing. For IRS-1C 
operations, three processing systems are used. They are 
DPS-1 and DPS-2 for generation of standard and special 
products of LISS-m and PAN. DPS-3 is for generation of 
WiFS data products, processing for swath modelling, digital 
quality evaluation and ground control point library updation. 

Filming system 

The filming system is a centralized facility for generating 
B/W and colour master films for all sensors. The filming 
system is equipped with B/W and colour FIRE-240 recor¬ 
ders for exposing 10" x 10" films. For high resolution 
PAN data of IRS-1C, large format photowrite system is 
planned, which can expose B/W films and colour films 
of 40" x 40" size. The filming systems accept photo com¬ 
patible tapes (PCT) generated at various data processing 


systems for exposing on the film. Films are exposed 
according to priority. After updating in the 13MS data 
base, the exposed films are sent to photo processing 
laboratory for processing along with the despatch report. 

Photo products generation system 

Photo processing laboratory is responsible for master 
film processing and generation of all B/W and colour 
photo products in the form of film transparencies and 
paper prints. It is equipped with master film processing 
systems, photo printers, enlargers, and duplicate products 
processing systems. 

Quality control 

Quality checks are done for both photographic and 
digital products. Photographic products are quality check¬ 
ed both at the photographic master level and at the 
pioduct level before they are delivered to users. 



Figure 8. 


LISS-III quadrant. 
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All digital products like CCT, DAT, cartridge and 
floppy are quality checked at the digital quality checking 
system (DQC). The system checks the errors related to 
product media. It also provides a facility for visual 
inspection of the image data for line losses, band mixing, 
etc. and verifies the histogram of the scene. Depending 
upon the quality criteria, a certificate is generated in¬ 
dicating the acceptance or rejection along with reasons. 
It is configured around a Pentium PC with SCO UNIX. 

Data products 

A large number of new varieties of data products on 
both photographic and digital media are available from 
IRS-1C. Highlights of the IRS-1 C data products are; 
launch of new products in different formats and media 
to meet user needs and supply of data products with 
an average turn around time (TAT) of better than 10 
days, priority services (TAT of 3 days/1 day), supply 
of customised and special products, digital browse 
facilities to select data products and improvement in 
the quality of the products. The products are mainly 
classified into standard and special products. The different 
types of products, the media and scale on which they 
are available are given in Tables 2 and 3. 



Figure 10. WiFS zonal FCC. 



Figure 9. LISS-III geocoded. 
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Payload pass programming 

The steerability of the PAN camera, the scheduling of 
OBTR and the IGSs requirements to receive IRS-1C 
data, necessitate programming. Indian users send their 
programming requests to NDC with all the required 
details like area to be programmed, date/period of interest 
and sensor. The requests from various users are studied 
and priorities are assigned depending on various factors. 
Based on these priorities, an optimal acquisition plan 
is prepared. NDC sends the acquisition plan to Spacecraft 
Control Centre (SCC), where the necessary commands 
for the satellite to acquire/transmit the data are worked 
out. Figure 6 shows activities connected with payload 
programming. After the successful acquisition of a pass, 
a scene that meets the user’s requirement fully is 
processed and the products are delivered to the user. 


International data supply 

The Earth Observation Satellite Company (EOSAT), USA, 
is in the business of distribution of Landsat and IRS data 
products to users across the world. The Department of 
Space (DOS) has entered into a marketing agreement with 
the EOSAT company. As per the agreement, EOSAT will 
acquire IRS-1C data at its ground station at Norman, 
Oklahoma, USA and distribute IRS data worldwide. 
EOSAT’s exclusive marketing territory will consist of the 
entire world outside the coverage of NRSA ground station. 

EOSAT, with the help of DOS is planning to set up 
a number of International Ground Stations (IGSs) all 
over the world to receive IRS-1C data. These will be 
either the existing Landsat/SPOT data receiving stations 
(which will be suitably upgraded to receive IRS-1C 
data) or new receiving stations. 
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Figure 11. VIM zonal. 
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Figure 12. VIM full India, 


Conclusion 

Various activities were and are being taken up both 
during the pre-launch and post-launch phases to disseminate 
IRS-1 C data products to the remote sensing community. 
A series of articles on IRS-1C were published in the 
Quarterly Bulletin of NDC Interface l . The new elements 
in IRS-1C satellite and the new types of products were 
introduced in the Annual User Interaction Workshops 
and Regional Workshops 2 . A comprehensive Hand Book 3 
on IRS-1C detailing the mission, the products and its 
generation was brought out by NRSA. It is now proposed 
to introduce publicity brochures and cards. The goal is 
to satisfy the users, with prompt response and supply as 
well as by providing associated services needed by them. 
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Cartography and terrain mapping using 
IRS-1C data 

P. K. Srivastava, B. Gopala Krishna, K. L. Majumder 

Space Applications Centre, Ahmedabad 380 053, India 


IRS-1C satellite provides multispectral LISS-IH and 
high resolution steerable panchromatic data for carto¬ 
graphic applications. The updation of topographic 
maps will be one of major applications of these data. 
This article gives a theoretical assessment of the 
cartographic potential of IRS-1 C imagery and the early 
results from few stereo pairs. For moderately undulat¬ 
ing terrain, stereo pairs with B/H of 0.5 and moderate 
radiometric contrast, the elevation information derived 
from IRS-1C imagery is sufficient for 1: 25,000 scale 
mapping. Standard linear features in topographic maps 
of 1: 50,000 and 1 : 25,000 scale maps could be reiden- 
tified and registered on the imagery. Identification of 
new features is possible for mapping at 1: 25,000 and 
1 :50,000 scale. 


Indian Remote Sensing Satellite IRS-1C carries onboard 
push-broom linear CCD scanner cameras for providing 
high resolution imagery of Earth’s surface. Updation of 
topographic maps will be one of the major remote 
sensing applications. The issue of Usefulness of IRS-1C 
data for topographic mapping purposes is discussed in 
this article from two angles, viz. 

1. A theoretical assessment of cartographic potential of 
IRS-1C imagery and 

2. Early lesults with available IRS-1 C imagery. 

Based on both theoretical possibilities and firstcut 
assessment, conclusions related to cartographic potential 
of IRS-1C are drawn. 


IRS-1C specifications related to terrain 
mapping 

IRS-1C carries three cameras, viz. a multispectral LISS- 
III camera, a high resolution steerable panchromatic 
camera and a wide field sensor. Of these, the first two 
have resolution capacity for cartographic applications. 
Basic characteristics of these two sensors are riven in 
Table 1. 

The panchromatic camera can be steered up to ±26°. 
Thus by acquiring imagery over the same ground area 
from multiple orbits a stereoscopic coverage can be obtained 
and by applying appropriate models, a terrain height profile 
can be determined. The IRS-1C mission can thus provide 
both p I an i metric and elevation information. 


_ The Allowing data products planned for IRS-1C mis¬ 
sion can be used for cartographic applications : 

1. Radiometrically corrected raw geometry basic stereo 
pair of PAN data. This product is useful for stereoscopic 
viewing and terrain elevation determination. 

2. Geocoded data products, produced by mosaicing a 
number of data sets, if necessary, to give a toposheet 
compatible product in terms of format, resolution and 
layout. For IRS-1C, these products are provided in 
1 : 50,000 scale for LISS-III and additionally 1 : 25,000 
scale for PAN. 

3. Merged products prepared by artificially merging the 
contents of registered high resolution PAN and low 
resolution multispectral LISS-III data to produce high 
resolution multispectral data. These products are expected 
to allow better visual interpretation capability for linear 
features of interest in cartographic applications. 

Issues in terrain mapping using spaceborne 
stereo imagery 1 

The information content of a topographical map compiled 
by photogrammetric methods is provided by the ground 
resolution of the images expressed in m/line pair for 
camera systems and m/pixel for electro optical systems. 
The average resolution of an aerial photographic imaging 
system which is a combined influence of lens, film and 
the foiward motion can be taken as ranging from 
40 lp/mm for systems not using forward motion com¬ 
pensation to 140 lp/mm for modern system using forward 
motion compensation (FMC). The resolution in m/lp is 
given by: 

R __ Photo scale/1000 

m/lp ~~ " p • 

ip/mm 

Table 1 . Basic characteristics of PAN and LISS-III sensors 


LISS-III 


Parameter 

PAN 

VNIR 

SWIR 

Spatial resolution (m) 

5.8 

23.6 

70.8 

Swath (km) 

70 

142 

148 

Spectral bands (gm) 

0.5-0.75 

0.52-0.59 

0.62-0.68 

0.77-0.86 

1.55-1.70 

No. of gray levels 

64 

128 

128 
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The values of R^ for aerial photographs at 1 :50,000 
scale photography are 1.25 and 0.357 for systems without 
FMC and with FMC respectively. 

Taking 1.25 m/lp as the resolution of aerial photograph 
and if the content of the image are to be as much as 
that of a 1 : 50,000 aerial photograph then the pixel 
size of the satellite image should be 0.5 m, as given by 
r =2 3/2 *R ,. ,, where 2 3/2 is the Kell’s factor. 

Even though the information content or features that 
can be extracted from any given imagery is determined 
by photographic resolution and scale or more directly 
by the resolved distance on the ground, it is difficult 
to establish a linear relationship between map scale and 
resolution required as some features like roads, rail, 
canals, etc. have to be depicted on a map irrespective 
of the scale. The smallest feature that can be depicted 
on a map is assumed to have a least dimension of 
0.25 mm. In order that an object be identifiable on the 
imagery in medium contrast conditions, it must be imaged 
by at least 5 resolution elements. It follows then that 
resolution required for imagery can be estimated as 

Ground resolution = 0.2 x 0.25 mm x map scale number 
= 5 x 10~ 5 x map scale number. 


and analogous to digital sensor 


where op x or A p is the total error in parallax measurement 
in the image plane, SF, the scale factor = H/f ; /, the 
focal length; H, the flying height of sensor above the 
average terrain elevation; B , the base distance between 
exposure stations; a, the half angle between intersecting 
rays, referenced to local vertical (H/B - 1/2 * tana). 

Scale factor (H/F) multiplied by parallax (a p x ) in the 
image plane yields the pixel size on the ground: 

H/F * op x = aP x = K * [pixel size (m on ground)]. 

Therefore, pixel size = 1 IK * B/H * oh . 

The relationship between the closest relative contour 
interval meeting the 90 per cent criteria and the precision 
of instruments 0) for relative spot heights is given by 

C.I. = 3.3 ^ h 
or 

sh = 0.3 * C.I. 


For 1 : 50,000 scale map product the required ground 
resolution = 2.5 m. 

However for detection of features in good radiometric 
contrast condition, it is sufficient to image the object 
in 2-3 resolution elements. In such cases a pixel resolu¬ 
tion of 5-6 m is sufficient. Thus IRS-1C resolution is 
sufficient for identification of features required for 
1 : 50,000 scale mapping. 

Pixel size from photogrammetric criteria 

The measurement of reliable terrain height from digital 
stereo data recorded by tilting camera is heavily influ¬ 
enced by geometric principles involving B/H ratio, sensor 
attitude, pixel size and correlation accuracy. The 
photogrammetric approach assumes sufficient transfor¬ 
mation capability for bringing corresponding images in 
approximate congruence. The error p x expected in image 
parallax removal when employing digital correlation 
technique is given by 

p x < K * (pixel size), 

where values 0.2 < K < 1.5 show the degree of correlation. 

The parallax error may be converted into the height 
error (h) through the use of base to height ratio inherent 
in the parallax equation, when the Y-parallax is 0. 
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Pixel size Ps = 1 IK * B/H * 0.3 * C. I. 

Assuming B/H = 0.6 and the desired contour interval for 
1 : 50,000 mapping is 20 m we get 

Ps = 0.83 x 0.6 x 20 m 

= 10m for 1:50,000 scale maps. 

The accuracy of spot heights referenced to a recognized 
datum is largely determined by factors which create 
geometric displacements in the sensor data and produce 
correlation or measurement errors in the along track direc¬ 
tion. These displacements or errors (DX) may be expressed 
in fractions of pixel at the ground or in arcseconds. 

From a comparison of the mapping standards and the 
standards of IRS-1C data products it can be concluded 
that: 

— It is possible to obtain point height and contour 
information compatible with 1 : 50,000 and 1 : 25,000 
scale topomaps from IRS-1C PAN stereo pairs. 

- Most of the spatial land cover information required 
for updation of topographic maps at 1 : 50,000 scale 
can be obtained from IRS-1C PAN and LISS-III data. 
Certain features may require field verification. At 
1 : 25,000 scale a larger component of field verification 
and complementation may be required. 

Description of a software system for terrain 
mapping using IRS-1C imagery 2 

The software system developed at Space Applications 
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Centre (ISRO) for terrain mapping using IRS-1C imagery 
was used for analysis of IRS-1C capabilities. This system 
has the following basic elements: (i) Ground Control 
Point (GCP) tools, (ii) Digital Elevation Model (DEM) 
generation and editing, (iii) Orthoimage generation, (iv) 
Quality evaluation, and (v) Mapping using GIS. 

All these are additionally supported by image process¬ 
ing and graphics libraries. The hardware consists of an 
Indigo-2 R-4000 based softcopy photogrammetry work¬ 
station with stereo display monitor, crystal eye glasses 
for stereo view, a scanner and a plotter. The details of 
the software system are explained in the subsequent 
sections. 


GCP generation 

This consists of a scanner system, wherein the desired 
maps are scanned in an appropriate resolution. The 
resolution in dpi (dots per inch) depends on its scale. 
The digital image is properly thresholded, so that all 
the linear features are clearly identifiable. The scanned 
image is then transferred to the main system for GCP 
identification along with the stereo pair images. 

Points which are clearly identifiable both in image 
and scanned map are selected as GCPs. Permanent 
features like road crossings, canal junctions with roads, 
etc. are better features than the dynamic features like 
river bends, etc. The points are digitized using the 
graticules available in the scanned map. Coordinates of 
a point, in terms of latitude and longitude, are obtained 
by a projective transformation on the surrounding known 
grid points of the map. The height of the point is 
interpolated from the nearest elevation contour lines. 
The image coordinates of the control points are identified 
parallelly on the display device. 

DEM generation and editing 

A DEM is a numerical description of the surface of an 
object on measured or derived coordinates of numerous 
scattered points. With the advent of digital photogram¬ 
metry workstations with high computation power, DEMs 
can be derived by purely digital approach, from the 
satellite stereo pairs. The digital mode of DEM generation 
from a satellite stereo pair consists of the following 
steps: 

Automatic conjugate point identification , One of the 
research areas of current interest in photogrammetry is 
related to methods for automatic measurements of parall¬ 
axes and coordinates in stereo images. 

In this system we implemented a hierarchical automatic 
point matching technique based on an interest operator 4,5 
followed by an area-based correlation. Hierarchical 


approach is selected to make the search area sizes (for 
correlation) very small at each pyramid of the hierarchy, 
to gain the computational advantage. Interest operator 
selects the candidate points for matching. The first 
pyramid starts on the reduced resolution image, by a 
factor of 4. There are three pyramids in the hierarchy. 
At each pyramid, interest points are found out in one 
of the images (called reference). Approximate coordinates 
for these points are found out by a local mapping on 
the previous level's (pyramid) conjugate points, The 
procedure continues till it reaches the last level, i.e. 
full resolution. The number of points matched in the 
last level are the final conjugate points. A number of 
inbuilt checks on the reliability of matched points are 
implemented. The first check is a two-way correlation, 
in which the match point should get the similar cor¬ 
relation coefficient (above a particular threshold) in 
forward as well as in reverse direction. Secondly, it 
should satisfy the maximum and minimum height criteria 
of that area. 

Determination of orientation parameters. The raw IRS- 
1C scene suffers from a number of geometric distortions. 
These are due to the factors such as satellite orbit and 
attitude variations, sensor geometry, tilt angle, terrain 
relief, etc. To correct distortions/orient the image, a 
method of modelling the orbit and attitude parameters 6,7 
of IRS-1C has been developed using GCPs. The elliptic 
Keplarian orbit can be described by six independent 
parameters, viz. semi major axis (a), eccentricity (e) t 
inclination (z), longitude of ascending node (W), argument 
of perigee (w), and true anomaly (F). Space resection 
refines these six parameters using modified collinearity 
condition equations, which states the perspective centre, 
image point and the corresponding ground point lie in 
a straight line at the time of imaging: (x, y, —/) T 
= s.M.(X a - X), where (x, y, -/) are the image coordinates 
of the GCP, s is the scale factor, X A are geocentric 
coordinates of the GCP and X s are the perspective centre 
coordinates. M is transformation matrix, which is a 
function of tilt angle, attitude and orbit. The major 
components of the dynamic motion are the earth’s 
rotation and the satellite movement along the orbit path. 
These motions have been modelled as linear angular 
changes of F arid W with time as F = F Q + F r t and 
W=W Q +W l -t. Assuming the effects of e and w are 
negligible, the parameters to be updated in the resection 
are F () , F { , W Q , W l , a and i . 

Determination of 3D ground coordinates by the method 
of space intersection. The 3D coordinate of a point of 
interest can be computed in the object space using 
inverse collinearity equations 6 . Intersection of the rays 
coming from conjugate points determines the object 
coordinate. However due to some error the rays do not 
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meet in a single plane. So the midpoint of the vector 
of perpendicular distance between the two rays is taken 
as the object point. The points thus obtained will be 
approximation of the actual value. The collinearity ecjua 
tions are linearized with respect to ground coordinates 
of the points, and are solved using the' least square 
method to get the corrections in an iterative manner. 

Bundle adjustment. For further refinement of both satel¬ 
lite orientation and the derived DEM, a bundle adjustment 
software developed jointly by SAG and German 
Aerospace Research Establishment (DLR), Germany, is 
used. In this DEM is computed in a combined solution 
for GCP coordinates, conjugate point coordinates and 
orientation parameters of the stereo pair imageries. The 
output of space intersection, i.e. the irregular DEM, is 
used as initial approximation of the iterative weighted 
least squares solutions of the bundle adjustment. Depend¬ 
ing on the residuals at each point after the least square 
solution, spurious points can be identified and eliminated. 
The procedure is well tested for SPOT and is getting 
implemented for IRS-1C. 

Height interpolation. Space intersection technique 
generates an irregular grid of DEM. To compute heights 
of regularly spaced grid points of specific interval, one 
has to interpolate heights among the arbitrarily distributed 
points. In the current system four options are available 
for height interpolation, viz. weighted average, polyno¬ 
mial fit, finite element method and Kriging. Out of 
which most popularly used one is weighted average 
method, because it is simple and less time consuming. 
In this the weights for a given point are calculated 
depending on the Euclidian distances of its four neigh- 
bourhood points. 

Point editing. Currently bad points of DEM are detected 
by a slope thresholding done automatically during the 
interpolation. Eliminating these points from the irregular 
set of points and reinterpolating once again, produces 
improved result. The slope threshold depends on the 
overall undulation of the area. It is observed sometimes, 
though spurious points are eliminated by this method, 
that wherever steep slopes are there, some good points 
are also getting eliminated. Efforts are going on to 
develop an interactive editing package, wherein user 
detects the bad points on the stereo display with a wire 
mesh overlay of the already available conjugate points. 
User can eliminate/correct those points and reinterpolate 
to get the corrected DEM. 

Orthoimage generation. Basically a precise ground to 
image relation along with the DEM and the raw data 
are the requirements to generate an orthoimage. This is 
a geocoded product corrected for all the geometric 
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errors, including terrain relief and the camera tilt, which 
can be directly used for topographic mapping. The 
orthoimage can directly go into a GIS. For an output 
grid of latitude and longitude and height (obtained from 
DEM) time and pixel of the input image can be calculated 
by an iterative way with the help of equations (2) and 
(3) using the updated orientation of the image. And the 
gray value for this point is generated by resampling the 
input image. The DEM can be the one derived from 
the same stereo pair or it is digitized/derived from map. 

In case of map DEM GCPs are also required additionally, 
to get mapping between ground and image. 

Quality evaluation. One of the most critical components 
of the mapping is the accuracy of the product used in 
terms of its tickmarks and the internal distortion. The 
system contains accuracy checks at every process level, 
i.e. the model accuracy on GCPs and on check points, 
is given immediately after space resection and intersec¬ 
tion. In addition to this, the orthoimage evaluation with 
respect to its tickmarks 2 is done on checkpoints within 
the system. The checkpoints are identified on the ortho¬ 
image manually, and their estimated positions with 
respect to the tickmarks are compared with the actual 
values. The RMS of these errors are quoted as the 
location accuracy and the standard deviation represents 
the internal distortion. Apart from this quantitative ap¬ 
proach, orthoimage can be evaluated qualitatively by 
overlaying map features either digitally or photographi¬ 
cally. The DEM can be qualitatively evaluated by (i) 
draping the orthoimage on the derived DEM and com¬ 
paring this with the draping of orthoimage over map- 
derived DEM and (ii) comparing the contours obtained 
from both image-derived DEM and map-derived DEM. 

Mapping using GIS. For better visual interpretation of 
linear features in conjunction with their background 
texture, merging of PAN data with that of LISS-III is 
helpful/required. Merging can be done after generating 
separate orthoimages of the same area of interest from 
both PAN and LISS-III data. 

Terrain mapping needs derivation of cultural features, 
elevation changes and thematic information from the 
derived DEM and orthoimage. This task can be better 
achieved by using a GIS. Basic tools required for terrain 
mapping are slopes, surface area, volume, line of sight 
coverage, draping, perspective view, etc., and these can 
be efficiently derived/obtained in the GIS environment. 

Early results from IRS-1C data evaluation 
for cartographic purposes 

The first cloud-free stereo pairs from IRS-1C panchro¬ 
matic data available over Maharashtra region aie taken 

565 




SPECIAL SECTION: IRS-1C 


for generating DEM and orthoimage. The data specifica¬ 
tions are given in Table 2. The stereo pair was generated 
at National Remote Sensing Agency (NRSA), Hyderabad, 
using an operational software developed by SAC. The 
data have undergone only radiometric corrections and 
no geometric corrections are applied. Two mapsheet 
areas (47M/13/SE and 56A/1/NW) are considered, which 
are having undulations between 80 and 160 m. Since 
the overlap between stereo images is only 60%, full 
map sheet area is not available for any of the above 
two map sheets. Hence an area of 7.5" x7.5" is selected 
nearer to the above map sheets (80% of total map sheet 
area is covered), through corner coordinates. Ten ground 
control points are selected from each stereo pair, and 
they are digitized from available 1 : 25,000 and 1 :50,000 
scale mapsheets. Out of these four/five are used as 
control points and remaining five/six are used as check 
points. Table 3 gives the RMS values of accuracies 
obtained from the model on check points. This shows 
the model accuracy depends on the input GCP accuracies. 
GCPs collected from 1 :25,000 scale map resulted in 
a better DEM accuracy than the GCPs collected from 
1 :50,000 scale, as expected. 

DEM and orthoimages are generated for both the map 
sheet areas using the software system described in the 
previous section and detailed evaluation is carried out 
for set 1. The results are given in Table 4. This error 
is a result of all the errors namely, DEM error including 
GCP error, interpolation error and model error. 


Table 2. Stereo pairs used for testing 


Set Path/row Subscene 

Date of pass Tilt angle 

1 097/058 

D7 

15-01-1996 -14.5° 

097/058 

C8 

19-01-1996 12.8“ 

2 097/058 

D4 

15-01-1996 -14.5° 

097/058 

C5 

19-01-1996 12.8“ 

Table 3. Model accuracy (RMS in 

m) on GCPs and checkpoints 

GCPs 


Checkpoints 

Set Easting Northing 

Height 

Easting Northing Height 

1* 1.2 3.0 

8.5 

10.5 27.5 13.6 

2** 3.0 4.5 

6.7 

18.3 36.3 28.9 

*Points are collected from 

5; No. of checkpoints: 5. 

1 :25,000 

scale mapsheets; No. of GCPs: 

**Points are collected from 
4; No. of checkpoints: 6. 

1 :50,000 scale mapsheets; No. of GCPs: 


Table 4. Evaluation results of orthoimage 
Map sheet Error in easting (m) Error in northing (m) 


47M/13/SE 15 

56A/1/NW 22 


Number of points available for evaluation are 5 for each set. 


A qualitative evaluation of orthoimage for set 1 is 
done by 

(a) overlaying all linear features of map, with the help 
of a tracing at 1 : 25000 scale, which almost sits onto 
the orthoimage with the above accuracy. Further, ortho¬ 
image shows the recent information like new roads/con¬ 
structions and other elevation changes like quarrying, 
etc., which can be used for updation. 

(b) Comparing the drapings of (i) the orthoimage over 
derived DEM from the stereo pair and (ii) orthoimage 
over map-derived DEM. Draping from map-derived DEM 
showed blocky effect/discontinuities, because of lack of 
continuous information of elevation, whereas the other 
draping showed smooth variation of the terrain, since 
it has the continuous information of terrain elevations. 
The map DEM is generated by digitizing the 10 m 
contours from the 25000 scale map. 

(c) Comparison of elevation contours showed a good 
match of peaks and valleys of elevation, from both 
DEMs derived from image and map. 

Conclusions and recommendations 

The early results described above can be categorized in 
three classes: 

1. The reconstruction of terrain profile. This is related 
to the precision of height determination for various 
terrain conditions, viz. highly r undulating, moderately 
undulating and flat. It is shown that in case of moderately 
undulating terrain conditions with moderate contrast the 
terrain model can be automatically reconstructed to meet 
requirements of 1 : 25,000 scale mapping. The experi¬ 
ments described above were conducted with stereo pair 
acquired with approx. 0.5 base to height ratio. Thus, 
for regions having moderate radiometric contrast the 
elevation information derived from IRS-1C imagery is 
sufficient for 1 :25,000 scale mapping. For other types 
of terrain this conclusion comes from the capability of 
achieving any base to height ratio up to 1.1. 

It has been seen that the breaklines and breakpoints 
can be identified with high confidence in manual mode. 
However, its identification in automatic mode is a subject 
of further research. 

2. Availability of standard map features in imagery. It 
is concluded that the linear features available in the 
1 : 50,000 and 1 : 25,000 scale topographic maps could 
be reidentified and registered on the corresponding 
imagery. This was achieved in part due to good 
orthoimage quality. 

3. Identification of new features for mapping at 
1 . 50,000 and 1 : 25,000 scale. A large number of linear 
features having similar texture and contrast as classified 
features from map were available in the PAN imagery. 
These could be easily transferred to the base map. A 
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positive identification of these features into various 
classes could not be carried out due to mixed spectra 
response. This situation can be rectified by registering 
panchromatic high resolution imagery with medium 
resolution multispectral imagery. This as well as fiel 
verification of alignments and identification is planned 
to be carried out in near future. 

Day to day capability for cartographic applications 
may be different from the theoretical assessment due 
to factors like atmospheric conditions, mosaicing-re ate 
problems, etc. To get realistic capabilities of IRS-1 C 
for cartographic applications it is planned to con uc 
map updation exercise over a test site undergoing fas 
development. This will be followed by field verification 
and assessment of percentage of various map features 
at 1 : 50,000 and 1 :25,000 scale available from a given 
set of imagery. __ 
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The data acquired by WiFS and LISS-in cameras 
onboard IRS-1C during the first month of their 
operation have been investigated for various applica¬ 
tions related to study of crops. WiFS data over Andhra 
Fradesh and Punjab have been used for state-level 
major crop inventory and estimating total cropped 
area in rabi season respectively. Multi-date WiFS data 
over West Bengal have been used to identify spectral 
changes associated with crop phenology. The LISS-III 
data over a wheat- and mustard-growing site in Pali 
district (Rajasthan) have indicated increase in crop 
separability with inclusion of middle infrared (MIR) 
channel. 


The applications of remote sensing data in the field of 
agriculture and crop studies in India from LISS-I and 
LISS-II onboard IRS-1A/1B/P2, MSS and TM on Landsat 
senes and AVHRR on NOAA series in India cover as 
large canvas as the activities of agriculture'. Some of 
these are crop production forecasting 2 covering both 
crop inventory and crop yield forecast models, drought 
assessment 3 , soil mapping and soil degradation 4 , com¬ 
mand area monitoring, flood damage assessment, etc 
The sensor package onboard IRS-1C includes enhan¬ 
cements over IRS-1A/1B/P2 specifically designed to 
improve agricultural application capabilities. The LISS-III 
camera has a higher spatial resolution of 23 m in com¬ 
parison to 36 m of LISS-II. This is aimed at improving 
the detection, mapping and inventory of crops in regions 
having small fields and a mixed cropping pattern. An 
additional spectral channel in middle infrared region 
(MIR, band 5) has also been included for the first time 
in Indian earth observation sensors. Previous studies 
have indicated that inclusion of this channel improves 
crop discrimination in as diverse cases as wheat-mustard 
in Haryana 5 , groundnut and other crops in Gujarat 6 , rice 
and other vegetation in Orissa 7 . The 2-band WiFS sensor 
has 188 m spatial resolution, 5-day revisit capability 
and 800 km swath. This makes it ideally suited for 
high temporal resolution monitoring of crop spectral 
profiles, overcoming limitation of cloud cover in mon- 
568 


soon season for regional applications and in crop con¬ 
dition assessment. WiFS sensor is ideal for host of 
vegetation-related application which have been carried 
out by NOAA AVHRR derived NDVI. 


Analysis of simulated data of LISS-III and 
WiFS 


As part of pre-launch investigations of utility of LISS-III 
and WiFS, few studies using simulated data were carried 
out. LISS-III data were simulated by combining spectral 
information from SPOT XS for visible and NIR channels 
with MIR spectral band from Landsat TM over a pre¬ 
viously investigated 8 site in North Gujarat. Separability 
amongst various crop/vegetation classes as estimated 
from Bhattacharya distance 9 increased when MIR band 
was also included in classification 10 . 

Multi-date IRS-LISS-I data over parts of West Bengal 
were used to simulate WiFS data of 18 dates covering 
both the kharif and rabi season. Analysis of these sets 
of data indicated the feasibility of deriving many useful 
cropping system information like cropping pattern, crop 
rotation, varietal differences in phenology spread, etc. 
It was possible to derive district-level crop rotation 
using only four date data acquired during different crop 
seasons . Further, it was feasible to discriminate autumn 
and winter rice, irrigated and rainfed rice based on their 
profile characteristics (Figure 1). This analysis also 
indicated the optimum dates of data acquisition for 
taking an inventory of all the varieties of rice grown 
in an area 12 . 


Early results from analysis of WiFS data 

Early assessment of rabi cropped area in Punjab 

WiFS digital data of 28 January 1996 (path-row: 92-50) 
over Punjab were analysed for estimating total cropped 
area in rabi season. The analysis consisted of the fol¬ 
lowing steps: (i) registration of data to UTM grid using 
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Figure 1. Spectral growth profiles of kharil rice in West Bengal 
generated from simulated WiFS data showing varietaldiscrimination 
due to differential temporal behaviour. (NDVI: Normalized diffetence 
vegetation index) 


1 : 250,000 scale topographic sheets at pixel size. of 
188 mx 188 m, (ii) marking of training areas covering 
total variability of rabi crop signatures, and (iii) super 
vised classification using maximum likelihood procedure. 
The results gave an early pre-harvest estimate of 3.4715 
Mha for 1995—96 rabi season. The fully revised estimates 
have been released by the Ministry of Agriculture for 
wheat, gram and mustard for crop seasons 1990—91 and 
1 99 1—92 add up to 3.406 and 3.398 Mha, respectively. 
Thus, WiFS data can be used for an early assessment 
of total cropped area in rabi, while for the acreage 
estimation of wheat using higher spatial resolution data 
acquisition of mid-February are generally used . 


Major crop inventory in Andhra Pradesh 

WiFS data of 25 January 1996 covering the state of 
Andhra Pradesh were used to identify and delineate 
major crops grown in various parts of the state. It was 
possible to visually identify paddy and pulses that are 
grown in Godavari and Krishna delta regions and cotton 
and other minor crops spread over in other districts on 
two-band false colour composite (FCC). On the basis 
of the information available on the crops being cultivated 
during the rabi season, training windows for paddy, 
pulses, cotton and other crops were delineated and the 
data were classified using maximum likelihood algorithm. 
The state and district masks were generated and oveilaid 
on the image. Paddy and pulse crops in Godavaii and 
Krishna deltas and the standing kharif cotton in Guntur, 
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Khamam, Warangal and Kumool districts were classified. 
The FCC generated by assigning red colour to NIR 
band (B4) and green and blue colours to red band (B3) 
with district boundaries and crop distribution from classi¬ 
fied image overlaid on it is shown in Figure 2. The 
estimated acreage of paddy and pulses are 5.09 lakh 
ha and 2.69 lakh ha, respectively. 

Observation of crop phenology by multi-date 
WiFS data 

The temporal-spectral behaviour of crops is related to 
their phenology and agronomic practices and can be 
monitored for various applications like crop discrimina¬ 
tion, crop assessment, identifying crop rotation and 
cropping pattern practices, etc. using the high repetivity 
WiFS data. Results from such an exercise which is in 
progress over Bardhman district and surrounding areas 
in West Bengal from the early analysis of 3 acquisitions 
between 22 and 31 January 1996 are reported here. 
Potato, mustard, wheat and vegetables crops are grown 
in this area during this period but are in different crop 
stages. Thus, this period corresponds to peak growth in 
potato, whereas mustard is in its rapid senescence phase 
and wheat in its early growing stage. The two-band 
FCC of WiFS for 22 and 26 January are shown in 
Figures 3 and 4 respectively. In the short difference of 
4 days the decline in redness of mustard crop associated 
with senescence can be observed. The temporal-spectral 
behaviour of two WiFS bands for various crop and 
non-crop classes is shown in Figure 5. The various 
crops exhibit characteristic temporal-spectral behaviour 
in terms of direction and rate of spectral change. Thus, 
wheat and potato manifest increase in NIR and decrease 
in red associated with their growth while mustard moves 
in opposite direction due to senescence. This confirms 
the earlier observation made on simulated WiFS data 
that temporal signature will be helpful not only for crop 
'* type discrimination but also for varietal differentiation. 
As observed in Figure 5, the pseudo-invariant features 
(PIFs) like forest, urban and deep water areas show 
little or no change. These features can be used to 
normalize the atmospheric effects in temporal data set, 
which is essential for generating spectral growth profiles. 


Observations on wheat-growing regions of 
India 

As a part of ongoing project on Crop Acreage and 
Production Estimation (CAPE), a plan for national level 
wheat inventory and monitoring using WiFS data has 
been prepared. It envisages use of multi-date data for 
crop inventory, providing an early pre-harvest estimate 
of national wheat production, generation of crop vegeta- 

569 






SPECIAL SECTION: IRS-1C 


tion index (VI) profiles for use in crop assessment and 
optimally combining 14 this early forecast with district- 
wise results from detailed analysis of LISS-I/II/HI data 
to issue a second forecast with improved accuracy. 

The WiFS data of second fortnight of January 1996, 
covering the major wheat-growing belt in the States of 
Uttar Pradesh, Punjab, Haryana, Bihar, Madhya Pradesh, 
Rajasthan, Himachal Pradesh, West Bengal and Gujarat 
were acquired and registered on respective UTM zone 
images with pixel size of 188 mx 188 m. The initial 
results on crop inventory are expected only after the 
registration of February acquisitions on these master 


images and their multi-date analysis. The observations 
on spectral characteristics of wheat and other rabi season 
crops observed in different regions are presented here. 

In Jabalpur and surrounding region (Figure 6), site A 
represents predominantly irrigated wheat, while site B, 
lying in Narsimhpur district is a predominantly gram¬ 
growing area and exhibits markedly lower green canopy 
vigour in FCC. The site C represents the forest vegetation 
and the three sites can be discriminated easily. The 
scene over Karnal district (Haryana, Figure 7) and 
surroundings shows predominantly wheat-growing region 
in jointing stage (site A). To the east of Yamuna river, 



Figure 2. Two-band false colour composite (FCC, colour assignments are red: N1R band-B4, green & blue: red band-Bt) of WiFS scene (25 
January 1996) overlatd with d.strtct boundaries and distribution of major crops (paddy, pulses cotton and other crops) in Andhra Pradesh. 
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Figure 3. Two-band FCC of WiFS (22 January 1996) over Bardhman 
(W. Bengal) and surrounding areas. 



20 


Figure 4. Two-band FCC of WiFS (26 January 1996) over Bardhman 
(W. Bengal) and surrounding areas. 

in Bulandshahr and Ghaziabad districts (Uttar Pradesh), 
the mixed distribution of sugarcane and wheat tiel s, 
suppresses the bright red tone associated with gieen 
vegetation (site C), while the predominantly sugarcane- 
growing site where sugarcane is being harvested/in 
maturity stage shows up in daik tone. Because o 
small size of individual fields of wheat and sugarcane 
and interspersed spatial distribution in western UP. crop- 
specific inventory without use of mixtuie mo e ing 
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Digital Number in Band 3 
01 ; Jan 22, D2 : Jan 26, D3 : Jan 31,1996 

Figure 5. Temporal-spectral plot of 2-band WiFS data between 22 
January and 31 January 1996 over various crop and non-crop . - 

over Bardhman (W. Bengal) and surrounding aieas. 

signatures will be difficult. In the scene covering Lud¬ 
hiana (Figure 8) and surrounding districts of Punj , 
wheat is the dominant crop. Here amongst when ^ 
vigour/crop density classes can be observed. In the area 
south of Sutlej river, a high density crop is seen in old 
floodplain of the river, a medium density crop is seen 
south of Ludhiana city while north of Sutlej relntivey 
poor density class is seen. Although minor crops make 
up 10% of total rabi crops, these are not seen W 
data as they are sown in individual fields widely scattered 
in the predominantly wheat growing region. 

Early results from analysis of LISS-III data 

LISS-III data of path 93 row 54 acquired on 7 February 

1996 were analysed for various characteristics mcluding 
crop separability (Table 1) over a 20 X 20 km 
predominantly agricultural site in Bali Tahsi o 
district (Rajasthan). The main crops growni in^rab. season 
in this area are wheat and mustard. The FCC 0 eneiated 
from MIR(B5), NIR(B4) and red(B3) channels is shown 
in Figure 9, the wheat is in light green colour and 
mustard in dark green colour. The MIR channd (E ) 
displays the highest digital counts as well as standatd 
deviation amongst 4 bands (Table 1). The mteM,»nd 
correlation shows high positive correlations between ® 
& B3 B2 & B5 and B3 & B5. The principal componenl 
analysis indicates the data over this scene lies in twc 
major axes which explain 97.6% ot variance. The us 
component has contributions from B2, B3 and B5 whicl 
together explain 91.9% of the scene variance, whil. 
second component has contribution from NIR channe 
(B4) The study of crop separability over gioun r 
sites'representing vigour/phenology classes of wheat an 
mustard indicates improvement in crop type and condi 10 








SPECIAL SECTION: IRS-1C 



Figure 6. Two-band FCC of WiFS (path-row: 101-54, 25 January 
wheat (site A), predominantly gram (site B) and forest (site C). 


1996) over Jabalpur and surrounding regions showing irrigated 



I-iguru 7. Two-band FCC of WiFS (path-row: 95-50, 19 January 1996) covering parts of Haryana and western Uttar Pradesh 
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Figure 8. Two-band FCC of WiFS (path-row: 92-50, 26 January .996) covering Ludhiana and surrounding districts of Patiala, 
Jallandhar, Kapurthala. 


Table 1. Analysis of LISS-I1I data over an agricultural site in Pali district (Rajasthan) 


Scene spectral characteristics 


Band 

Mean 

Std. dev. 

B2 

84.80 

10.76 

B3 

52.88 

14.34 

B4 

84.73 

11.30 

B5 

121.09 

40.41 

Inter-band correlation 



B2 

B3 

B2 

1.000 


B3 

0.943 

1.000 

B4 

-0.179 

-0.322 

B5 

0.868 

0.922 


Principal component analysis (PCA) 


% 

Variance 


PC explained 

B2 

1 

91.93 

-0.219 

2 

5.62 

0.121 

3 

2.15 

0.644 

Crop separability 



Bhattacharya distance 

B234 

Minimum distance 


1.058 

Average distance 


1.650 


B4 


1.000 

-0.297 


Eigenvectors 


B3 

B4 

B5 

-0.311 

0.082 

-0.921 

-0.029 

0.989 

0.069 

0.663 

-0.033 

-0.380 


B2345 

1.322 

1.706 
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Figure 9. FCC generated from red (B3), NIR (B4) and MIR (B5) channels (colour assignments: B5-red, B4-green, B3-blue) of 
LISS-III (path-row: 93-54, 7 February 1996) data over a wheat and mustard growing site in Pali district (Rajasthan). 


discrimination by inclusion of MIR channel, whether 
measured by minimum Bhattacharya distance (BD) or 
average BD. 
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IRS-1C applications in land use mapping 
and planning 

D. P. Rao, N. C. Gautam, R. Nagaraja and P. Ram Mohan 

Notional « Sensing Agene,, Bnio.ng-. Hgde.b.d S00037, 


Land use/land cover information is a P^f^evnerience 
optimal land use planning. Gonsiderableexp 
was gained using remote sensing data from Landsa 
through Landsat V in preparing land use landAowr 

maps on scales ranging from 1 si m1 ' r.^geS 
IRS-1C data have been extremely useful in 8 

tion of districtwise landu ^ 

the information up to level-II to * 15 

on 1:250,000 scale for land use pla™ g * 
agroclimatic zones in the country Jhe launch ot 
IRS-1C on 28 December 1995 provided a new dimen 

sion to the mapping capability on ] and 
details on various scales and levels andfor different 
users. The details of sensors have been des “ de 

elsewhere in this issue and h «i ce not . ' tire 

Field Imaging Sensor (WiFS) data for the entire 

Andhra Prldesh, LlSS-ffi data of Kaz.ranga National 
Park and its environs and composite J ^ e 

LISS-in and PAN of urban fringe of Hydera 
analysed to evaluate the capabilities of censors for land 

use applications. Based on this s u y, ass jf| ca ti on 
that WiFS data can be used for levei-I classification 
for national and regional level appl'catwn, h 
, mo m a i on e can be used up to level-111 ana 
eoStion of LISS-nl and PAN data can b. n,.d 
for cadastral leve l information, ___ 

The growing pressure of population COUpl ® d 
creasing variety of demands made on lan * 

have brought extra pressure on the available land resom 
ces all over the country. Hence, in order to use land 
optimally, it is not only necessary to have the mfonna ion 
on existing land use/land cover but also the capab 1 y 
to monitor the dynamics of land use resulting out of 
changing demands of increasing popu ation. 

Conventional ground methods of land use mappmg 
are labour intensive, time consuming and are done rdaUvely 
infrequently. These maps soon become outdated with pas 
sage of time, particularly in a rapidly changing environment 
In S recent years, satellite remote sensing techniquesHrave 
been developed, which have proved to be of ™men 
value for preparing accurate land use/land cover maps and 
monitoring changes at regular intervals o time. 

In case of inaccessible region, this techmq P 
the only method of obtaining the required data on a 
cost and time-effective basis. An article on IRS-1 A 
applications for land use/land cover mapping in India 
has appeared (Curr. Sci., 1991, 61, 
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Current status 

The organizational efforts in P«bUs“ n6 ( ' N XS 

and statistical data by Survey of India SOI , N®on 

Atlas and Thematic Mapping 0r 8™“‘“™ „ g 

National Bureau of Soil Survey and LandUse 1>lan g 

(NBSS&LUP), All India Soil and Land 
tATS/NUSf National Remote Sensing Agency (NRSA), 
stfcfSieadons Centre (SAC), Central Arid Zone 

Research Institute (CAZRI), “ i " i ” 5 '° f ve ^" C D tp ar ,: 
Settlement Survey and Land Records, Revenue Depart 

ments, National Sample Surveys, State Land (TCPO^and 
Town and Country Planning Organization ( 

temote sensing 

satellite (Landsat-1) in .992, 

were carried out on different scales for US “ S , 

wasteland Multi 

lands were estimated^bas^d ^ out by NRSA 

fe P 241 S districts critically affected by land degradation 
n the country using Landsat Thematic Mapper data as 
welf as mS-USS-II data using 13 fold wasteland clas- 

^AMhe instance of Planning Commission, the Depart- 
ment of Space carried out land use/land cover mapping 
of all 442 districts using IRS LISS-I data based on 
visual and digital interpretation techniques in collab - 
tion with various work centres in different stat . 
task provided first national level spatial maps on Mnd 
use/land cove, along with ntat.st.es m 22 different 
categories. Since the mappmg was earned 
1 • 250 000 scale using a coarse resolution sa e i e 
moments, hnear features .ike «%£££, 
work could not be delineated. To derive accurate statistic. 
^ agricultural land use, thumb rules were worked ou 
based on extent of small settlements, length of 1transpor 
tation lines like roads and railways from the exist,n 
topographical maps for applying necessary correction 
Due to the small scale and low resolution of the da, 
used, the maps/statistics generated are moderately acc^ 
and the statistics on land use categories co 

generated at village level. rtJC T T cc t 

The launch of IRS-1 C satellite with WiFS, LISS-l 

and PAN data has provided an opportunity or 
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time to derive the land use/land cover information at 
regional, local and cadastral levels, on appropriate scales 
with an assured frequency for updation. The paper 
presents the early results of analysis of WiFS, LISS-III 
and IRS-1C composite (merged) data of LISS-III and 
PAN for evaluation of the capability of sensors to derive 
the information on land use/land cover categories. 

IRS-1C Data 

The details of payload and the capability of each of 
the sensor are already described. The specific advantages 
are: The WiFS data has the potential to monitor the 
dynamic phenomena every 5 days at level-I; LISS-III 
has the potential to generate the level-III up to 1 : 25,000 
scale. The composite data of LISS-III and PAN has the 
potential to be enlarged on a 1 : 10,000 scale without 
loss of data to look out for cadastral level information. 
The possible scales on which land use/land cover can 
be generated, level of classification and the minimum 
mappable units that can be achieved using different 
sensors are shown in Table 1. 

Realizing the excellent and useful information that 
can be extracted from IRS-1C data, the Department of 
Agriculture, Government of Andhra Pradesh has 
requested NRSA to carry out mapping of five taluks 
to derive the statistics at village level which will most 
likely be extended to the entire state using LISS-III 
data. 

Objectives 

The following are the objectives of this study: 

• To analyse the land use/land cover using WiFS data 
for the state of Andhra Pradesh. 

• To study the capabilities of LISS-III data and PAN 
and LISS-III merged data for large scale mapping at 
micro level. 

Study area 

Area covered by Andhra Pradesh state was selected to 
analyse the WiFS data. Kaziranga National Park and 
environs in Assam were selected to analyse and derive 
the land use/land cover data using LISS-III. A part of 


Table 1. Possible scale and minimum mappable units using 
IRS-1C for land use/land cover analysis 


Sensor 

Scale 

Minimum 
mappable unit 
(MMU) 

Area 

(ha) 

Level of 
classification 

WiFS 

1 : 250,000 

3x3 

56.25 

Level-I 

LISS-III 

1 :25,000 

3x3 

0.56 

Level-II 

PAN 

1 : 10,000 

3x3 

0.009 

Level-III/IV 


Ranga Reddy district, Andhra Pradesh was selected for 
analysis of composite (merged) data of LISS-III and 
PAN data. 

Interpretation of remotely sensed data for 
land use/land cover 

A remote sensor records response which is based on 
many characteristics of the land surface, including natural 
and artificial cover. An interpreter uses the elements of 
tone, texture, pattern, shape, size, shadow, site and 
association to derive information about land use activities, 
which is also the basic information about land cover. 
The title land use mapping’ is quite often applied to 
remote sensing image classification procedure as a whole, 
which tends to amalgamate the distinct concepts of 
mapping land use and land cover. 

The generation of remotely sensed data/images by 
various types of sensors flown aboard different platforms 
at varying heights about the terrain and at different 
times of the day and the year, does not lead to a simple 
classification system. In fact, many researchers believe 
that no single classification could be used with all types 
of imagery and all scales. To date, the most successful 
attempt in developing a general purpose classification 
scheme compatible with remote sensing data has been 



Figure 1. Methodology for landuse/land cover analysis. 
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attempted by Anderson et al? which is also referred to 
as USGS classification scheme. Other classification sc ernes 
available for use with remotely sensed data are basical y 
modifications of the above classification scheme. 

Four levels of classification are suggested in this 
scheme, each level being useful at various informa¬ 
tion/decision-making levels. Level-I information can be 
used at inter-state and state-level planning; level-II, a 
state-level to regional level planning, level-ffl, at regiona 
to local level of planning; whereas level-IV 1 ^ orma ‘ 10n 
can be used at local or micro level planning. In the pres 
study, the classification system developed by NRSA 
consultation with different users has been adopte . 


Methodology 

Although initial efforts were made since mid seventies 
for application of different interpretation techniques in 
land use mapping, the major thrust or ° peral °" 
methodologies (visual, digital) came from the projec 
on national land useAand cover mapping. Figure 1 shows 
the flow chart of detailed analysis procured in the study. 
The methodology essentially involves the following steps. 

• Data loading, merging and georeferencmg. 

• Ground truth collection, training sets. 

• Signature generation for classification. 



rlgu „ , Digitally classified is.d -and co» -P - A— — «-'<= <™> <” 
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• Demarcation of boundaries and transfer of administra¬ 
tive and cultural features. 

• Extraction of statistics and final report. 

Precise demarcation of the boundaries, transportation 
network, cultural features, important locations is effected 
by digitizing these features from topographical maps. 
Georeferencing has been done by extracting GCPS from 
topographical map using maps image transformation 
model. Multispectral classification was carried out using 
maximum likelihood algorithm. The classification 
proceeds through selection of the training areas, cal¬ 
culation of the statistics for the identified training areas 
and the decision boundary of maximum probability based 
on mean vector, variance, covariance and correlation 
matrix of the pixels. Adequate training sets are selected 
for the same land use class for the purpose spread all 
over the scene. After evaluating the statistical parameters 
of training sets, reliability test of training sets was 
calculated by measuring the statistical separation between 


classes by computing divergence matrix. Another 
approach for evaluating spectral separability is the use 
of confusion matrix. Ensuring all non-diagonal elements 
of the confusion table as zero, misclassification can be 
minimized. The overall accuracy of the classification is 
finally assessed with reference to ground truth data. 

Results 

Land use/land cover analysis using WiFS data 

About ten classes of level-I and level-II could be achieved 
using the digitally mosaiced WiFS data of Andhra 
Pradesh. Andhra Pradesh is covered in parts of three 
WiFS scenes (path/row 103-61; 103-66; 98-61). The 
digital analysis of land use/land cover has been earned 
out using three bands, viz. red, near infrared (NIR), 
and texture of NIR. The texture of NIR has been derived 
using textural analysis in EASI PASE software. The 
classified data of Andhra Pradesh are shown in Figure 2. 



Figure 3. 


578 


CURRENT SCIENCE, VOL. 70, NO. 7, 10 APRIL 1996 


















SPECIAL SECTION: IRS-1C 


WiFS data have been found to be adequate to bring 
out all the level-I classes derived from IRS-1A level 
LISS-1 data on 1 : 250,000 scale under land use/land 
cover mapping of agroclimatic zone planning. In the 
present study winter season (rabi) data were used for 
analysis. Due to the limitation of data (single season) 
some of the classes like open/degraded forest and uplands 
could not be separated, in some areas, with the result 
that some of the uplands in parts of Nizamabad, Medak 
s and Ranga Reddy districts were mixed with degraded 

I forest. Also some of the fallow lands in south-western 
part of the state have been misclassified as upland due 
to similar spectral signature in both the cases. Using 
multi season data, this problem can be solved by 
analysing the accurate land use/land cover information. 
The land use classes like crop land, water bodies, barren 


lands, dense forest water logged areas could be identified 
and classified more accurately using WiFS data. The 
interpretation accuracy has been found to be as high 
as 80-85%. Here the interpretation accuracy has been 
calculated using the kappa accuracy, which i!s determined 
from the error matrix, considering the number of correctly 
classified units and also errors of commission and errors 
of omission. 

Land use/land cover analysis using LISS-III data 

Digitally classified output of land use/land cover of 
Kaziranga National Park and the corresponding raw data 
are shown in Figures 3 and 4 respectively. The clas¬ 
sification has been made using NDVI for areas inside 
the park and using maximum likelihood classification 
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for the rest of the area. The level-III classes such as 
type of plantation, viz. teak, sal, homestead plantations, 
different levels of grass in the Kaziranga National Park 
(High, Medium, Low) could be identified and classified. 
At the time of data collection, there were no crops in 
the study area and most of the agricultural area is under 
fallow. Major linear features such as roads, rail network 
and small settlements are clearly separable using LISS-III 
data. The water-logged areas within the national park 


are clear and areas of water bodies as small as 0.25 
acres also could be classified accurately. 

Land use/land cover analysis using composite 
data (LISS-III and PAN) 

The composite (merged) data of LISS-III using PAN 
of part of Ranga Reddy district, South of Hyderabad, 



Figure 5. 
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is shown in Figure 5. The land use/land cover details 
are very sharp in this data compared to LISS-HI. Also, 
all the linear features are clear and details like car 
tracks could be identified. The grape gardens along 
Nagarjunasagar road (regular, bright red patches), which 
are less than 1/2 acre extent are clearly seen. Individual 
farm houses and cluster of few houses are easily separable 
which is very crucial to derive accurate statistics of 
different land use categories. 

It is thus possible to derive the land use/land cover 
statistics at cadastral level, which takes the process of 
mapping beyond what has been achieved so far, viz. 
to prepare spatial land use maps up to 1 : 10,000 scale 
and to derive the village level statistics. 

Conclusions 

The study demonstrates that the data from Indian Remote 
Sensing Satellite (IRS-1C) can be used to map and 
monitor land use/land cover details rapidly at different 
levels. This provides more consistent and accurate base 
line information than any of the conventional data 
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sources or the sources from any of the satellites launched 
so far. The availability of spatial information at village/ 
cadastral level is a major step for planning at micro 
level. Further, this data will help in estimating the area 
under different crops more accurately which forms base 
line information for crop production estimation on an 
operational basis. 


1 Anderson, J. R., Photogram. Engg., 1971, 37, 279. 
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IRS-1C applications for urban planning and 
development 

V. Raghavswamy, S. K. Pathan*, P. Ram Mohan, R. J. Bhanderi* and Padma Priya 

National Remote Sensing Agency, Balanagar, Hyderabad 500 037, India 
*Space Applications Centre, Ahmedabad 380 053, India 


Over the years, satellite-based remote sensing data 
have been successfully utilized for mapping, monitor¬ 
ing, planning and development of urban sprawl, urban 
land use and urban environment. With the successful 
launch of IRS-1C satellite and the availability of high 
spatial resolution data in 5.8 m in single panchromatic 
band (0.50-0.75 pm) and 23 m (LISS-III) resolution 
data in four multi-spectral bands along with the stereo 
and revisit capability of 5 days, it would now be possible 
to explore its potential either singularly or in combina¬ 
tion in the different areas of urban land use survey 
and planning, such as urban housing, urban utilities 
and infrastructure, urban transportation and traffic 
planning, urban water supply and sanitation, urban 
cadastral and real estates, urban tourism and recrea¬ 
tion, urban ecology and hazards, urban census, urban 
fringe area land use dynamics, urban landscape design 
besides other areas like urban land use change detec¬ 
tion and updation, urban base map preparation, urban 
green belt or open space mapping, urban encroachment 
of slums onto vacant lands and urban land use zoning. 

The present study demonstrates the potential of 
IRS-1C data applications attempted using multi- 
spectral LISS-III and PAN data both singularly and 
as combination of merged data sets over Hyderabad, 
Lucknow and Ahmedabad cities. 


Urbanization and industrialization are universal proces¬ 
ses. These processes occur both due to in-growth and 
due to continuous rural population migration to urban 
centres/settlements (in search of better economic oppor¬ 
tunities) resulting in overcrowding and haphazard 
development. This is primarily because the level of 
economic development is linked to growth of particularly 
the big metropolitan and mega urban centres. The ongoing 
programme of the Ministry of Urban Affairs and Employ¬ 
ment, Government of India on the ‘Integrated Develop¬ 
ment of Small and Medium Towns (IDSMT)* is one 
such effort to discourage the already over-congested big 
cities from developing into an unmanageable size. Fur¬ 
ther, the economic liberalization and the new industrial 
policy is another such effort to help in the decongestion 
of large urban centres. This warrants a shift in the 
single window ‘Intensive urbanization’ approach to 
‘Decentralized approach’ in urban growth and develop¬ 
ment. The focus of such an approach is on the sustainable 
development of cities. One such effort is the recently 
proclaimed 73rd and 74th amendment of the Constitution 


which aims at implementation of town/metropolitan plans 
and for the integrated development of urban and rural areas. 

Rapid urban growth and development had resulted In 
increase in the share of India’s urban population from 
159 million (23%) in 1981 to 217 million (26%) in 
1991. This is expected to increase to 326 million (32%) 
by 2001. Correspondingly, the total number of urban 
settlements had increased from 4029 in 1981 to 4689 
in 1991. Out of these, the ‘million plus’ cities increased 
from 12 in 1981 to 23 in 1991 (with 70.5 million 
population), which by the turn of the century will 
increase to 40 cities. While the all-India average growth 
rate during the decade 1981-91 has been 36.19%, the 
corresponding growth rate of the class-I towns (with 
more than 1 lakh population) has been 46.87%. For 
example, Hyderabad registered a decadal growth rate of 
57.48% (ref. 1). Out of the 20 cities around the world 
with more than 10 million population (mega cities), 
New Delhi, Calcutta and Mumbai figure very prominently 
in the list. It is estimated that at least 5 cities out of 
20 will contain over 16 million people each by 2001 
and by 2015 over 70% of the population in Latin 
America, Africa and Asia will live in cities 2 . 

All this rapid and haphazard growth of urban sprawl 
and increasing population pressure is resulting in deteriora¬ 
tion of infrastructure facilities, loss of productive agricultural 
lands and green open spaces, loss of surface water bodies 
and depletion of groundwater aquifers zones, besides caus¬ 
ing air pollution, contamination of water, health hazards 
and micro-climatic changes. To address these issues effec¬ 
tively, it requires up-to-date and accurate data at regular 
intervals of time on the changing urban sprawl, urban 
land use, urban resources and urban environment. It is 
here that.satellite remote sensing with its ability to provide 
reliable and accurate data offers excellent possibilities to 
map, monitor and measure the various facets of urban 
development. The information thus generated helps to 
formulate suitable plans and strategies for effective urban 
planning and development. Considering the high dwelling 
density and low floor space area (FSA) here due to 
compact parcel size and lack of physical spacing and 
homogeneity in the surface built-up features in Indian 
cities, remotely sensed data of high spatial resolution along 
with multispectral resolution data are required for detailed 
urban surveys. It is in this context that the availability of 
space-borne data from IRS-1C becomes more relevant and 
important for urban planning and development. 
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Satellite remote sensing data for urban 
planning and development 

Satellite data complements and supplements data avail¬ 
able from both aerial photographs and conventional 
ground sources for urban planning. Though data from 
large scale aerial photography are desirable for urban 
surveys, it is slow, becomes outdated fast, is costly and 
difficult to obtain at regular intervals of time. Although 
small format aerial photography (SFAP) provides details 
of urban areas and is 5 to 10 times cheaper than normal 
photography, it is precluded due to operational and other 
data limitations. The biggest strength of satellite-borne- 
sensor data is its periodicity, fastness and economic 
efficiency. Also, the data being available in analogue 
and digital form, it is amenable to both visual and 
digital analysis for extraction of information. 

The current satellites allow data to be generated up 
to 1 :50,000 scale using IRS (LISS-II) and up to 
1:25,000 scale using SPOT data. Today, with the 
availability of IRS-1C data 3 , it is not only possible to 


generate data on 1 : 50,000/1 :25,000 scales using LISS- 
III, but it has been seen with the PAN data that it is 
possible to generate up to the desired scales of 1 : 20,000, 

1 : 15,000 and 1 : 12,500, useful for urban planning. The 
various urban hierarchical and information levels and 
the desired mapping scales are given in Table 1. 

Using satellite data, different urban features can be 
identified and mapped using a false colour composite 
(FCC) of three bands or single band data wherever 
applicable. Also, the digital data can be enhanced or 
merged with high resolution data for better feature 
identification and mapping. Earlier studies have proven 
the usefulness of visible and near infrared multispectral 
bands for urban feature identification and mapping . 
Also the use of thermal band data (10.4-12.5 p.m) 
available from Landsat (TM) data has also been 
demonstrated in mapping ‘urban heat islands . 

Major potential areas of urban applications using 
IRS-1C data 



Urban 


Hierar¬ 

chical 

order 

Urban hierarchy of 
management levels 

Mapping 

scale 

Information 

level 

Regional 

hierarchy 

Administrative 

hierarchy 

1 

National capital region/spatial 
priority urbanization regions 

1 million 

1 

Country 

Nation 

2 

(SPURS)* 

Metropolitan city region state 

250,000/ 

100,000 

I and II 

Macro-region/ 

sub-region 

Group of 
states 


capital region* 


(agro-climatic 
region) 



3 

Metropolitan/urban develop¬ 
ment area (UDA) or medium 

50,000 

II and III 

Meso-region 

State/group 
of districts 

4 

town 5 

Municipality/city-district or 

25,000/ 

10,000 

8,000 

4,000 

III 

Micro-region 

District 

5 

small town 5 

New township/census ward + 

IV and V 

Tract 

Taluk/group 
of villages 

6 

Urban node/project site 1- 

1,000 

VI 

Site 

Village 


Activities/actions 


Broad land use/land cover for 
national and regional perspective 
policies 

Spatial development strategies 


Spatial strategies and broad 
structure plans 

Land use plans/sectoral plans 
Detailed land use plans 
Ground plans and urban design 


♦Strategic decision level; ‘Tactical decision level; ‘Technical decision level. 


Table 2. Data base: IRS-1C sensor data and other map data 


IRS-1C 

sensor 

Path-row 

Date of pass 

Type of 
data 

Map data 

Study area 

PAN 

100-60 

20.01.96 

CCT 

SOI guide map on 

1 :20,000 scale 

Hyderabad 

PAN 

100-52 

20.01.96 

CCT 

SOI guide map on 

1 :20,000 scale 

Lucknow 

PAN 

93-56 

10.01.96 and 
02.02.96 

CCT 

Cadastral map of Jodhpur 
village panchayat 

Ahmedabad 

LISS-II1 

100-60 

20.01.96 

CCT 

SOI toposheet on 

1 :50,000 scale 

Hyderabad 

L1SS-III 

93-56 

10.01.96 and 
02.02.96 

CCT 

SOI Toposheet on 

1 :50,000 scale 

Ahmedabad 
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which can be possible using IRS-1C data. The few important 
such applications are urban housing, urban utilities/amenities 
and infrastructure, urban transportation and traffic planning, 
urban water supply and sanitation, urban cadastral and 
real estate, urban tourism and recreation, urban ecology 
and hazards, urban census, urban fringe area land use 
dynamics, urban landscape design, urban base map prepara¬ 
tion and updation of city guide maps, urban encroachments 
of slums and urban land use zoning. 

Examples of IRS-1C data utilization 

Urban land use and infrastructure identification 
and delineation 

Urban land use reflects the morphology, economic and 


socio-cultural framework of a city or a town. Here, 
IRS-1C LISS-IH and PAN data (Table 2) have been 
digitally merged and the enhanced standard FCC was 
generated through Laplacian filtering technique and edge 
enhancement operations using the EASI-PACE image 
processing software available on IBM RS 6000 computer 
system (available at NRSA, Hyderabad and SAC, 
Ahmedabad). Further, the merged (LISS-III and PAN) 
data sets were generated by taking intensity from PAN 
data hue and saturation from LISS-III data, after con¬ 
verting blue, green and red channels of LISS-III into 
IHS channels. Subsequently, using these data sets various 
details of urban land use classes of level-III were identified 
(up to level-II details are possible using IRS-1A/1B LISS-II 
data on 36 m spatial resolution) such as low/medium and 
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Figure 1. 1RS-1C (LISS-III and PAN) digitally merged and enhanced image of Hyderabad city. 
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high rise structures associated in the residential use, 
slum areas, industrial complexes, major and minor roads 
and bridges, education institutions, open spaces such as 
parks, garden, playground, stadia and race course, utihues 
such as sewage-treatment plant, agricultural research 
farm, bus depot, vacant lands and newly developing 
layouts, etc. as seen in Hyderabad (Figure ). 

Further, plot-wise urban development was attempted 
by registering (using GCP from SOI map sheet) the 
cadastral parcel boundary map of Jodhpur gram panchayat 
(now a part of Ahmedabad city and located in the south 
western direction) onto the IRS-1C (PAN) data. It has 
been observed that both voids (filled with structures) 
and non-voids (vacant lands) can be delineated on a 
plot by plot basis (Figure 2). 

Urban transport network identification and 
mapping 

Transport network forms an important infrastructure ele¬ 
ment of the whole urban area. It allows connectivity 


and movement of people, traffic and goods from both 
intra (within) city and inter (outside) city hinterlands. 
Here, the IRS-1C (LISS-HI and PAN) merged image 
data set was converted to TIFF and GRID orma ™ 
made compatible to ARC-INFO GIS environment. This 
GRID has been geometrically corrected by se g 
GCP on the image and SOI map sheets. T he geo^tnca y 
corrected grid data were imported in ARC/INFO G 
and on screen digitization was attempted for drawing 
the existing and newly identified major and minor roads 
and intersections, crossings and bridges and railway 
lines. An example of the transport network map plotted 
on 1 : 15,000 scale for a part of Ahmedabad ci y 
shown in Figure 3. 

Urban city guide map change detection and 
updation 

SOI city guide maps form the largest land use and 
topographic maps available on 1 : 20,000 scales for a 
few selected cities in the country today. Although these 
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maps provide the detailed possible information on urban 
land use, majority of these maps are outdated (surveyed 
up to 1970s) and are restricted in areal coverage to a 
limited city area and often do not show the extended 
coverage and the recent developments within and near 
fringe areas of the cities. 

As an example, here, part of the southeastern corridor 
of Hyderabad city guide map has been digitally merged 
with the IRS-1C (PAN) data, which clearly brings 
the different land use information such as roads, 
bridges, residential colonies, industries, institutions, 
new layouts, development onto the vacant lands/tanks 
and historical monument sites, etc. as surveyed in the 
city guide map of 1973—74 period and recent develop¬ 
ments noticed in the IRS-1C (PAN) data of 1996, 
over a period of more than 20 years (Table 2 and 
Figure 4). A similar view of the PAN data over 
Lucknow city brings out the finer details of the newly 
developed land uses as seen in the different geographi¬ 
cal setting and siting (Figure 5). 


Discussions 

IRS-1C (LISS-m and PAN) data have been found very 
useful and have provided an insight into the variety of 
some of the possible applications and also PAN data 
have been found useful to generate large scale 
photographic and maps outputs onto 1 : 20,000, 1 : 15,000 
and 1 : 12,500 scales. The LISS-III visible and near- 
infrared bands are comparable with that of SPOT (MLA) 
data and also the spatial resolution of 23 m of IRS-1C 
(LISS-m) and that of SPOT of 20 m. It has been seen 
that the IRS-1C (PAN) data recorded in 0.50-0.75 pm 
of the EMS show different urban features, both in gray 
tonal variations and also their physical geometry, size, 
shape and pattern in true perspective. On being merged 
and enhanced with the multispectral LISS-III data, a 
greater contextual clarity, separation and discrimination 
between urban features have been noticed due to high 
spatial resolution of 5.8 m, which allowed to classify 
detailed urban land use classes up to level-HI on a 
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new roads and bridges clearly and accurately. The 
merging of cadastral land parcel details onto the PAN 
data will help in monitoring the land use alternatives, 
deviations/encroachments from the original land use plan, 
besides the real estate progress of development. 

Another area where the use of IRS-1C data is seen, 
is in undertaking the updation of city guide maps and 
preparation, wherever these maps are not available. Out 
of 4689 urban towns, only 55 towns have guide maps 
on 1:20,000 scale (census, 1991). Further, the PAN 


! large scale up to 1 : 15,000 with a minimum mapping 
area (3x3 mm) of about 0.20 ha on the ground. On a 
scale of 1 : 12,500, the minimum mapping area reduces 
to 0.14 ha on the ground. This will facilitate urban 
planners to a greater extent in generating detailed land 
use information. 

The PAN data alone have been geometrically accurate 
I enough to register both the 1 :20,000 topomap and the 
I cadastral map with an RMS error of about 12 m in the 
case of latter 8 . The PAN data also allowed to identity 

: 


Figure 4. IRS-1C (PAN) image digitally merged with guide map of Hyderabad city. 
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Figure 5. IRS-1C (PAN) digitally enhanced image of Lucknow city and its environs. 


stereo data would help urban planners in deriving height/ 
elevation information which is important in urban ‘site 
suitability’ and ‘landscape designing 5 and ‘environmental 
sensitivity analysis’ using GIS computer techniques. 

Conclusions 

The emergence of IRS-1C data enhances the operational 
use of satellite data in the area of urban surveys and 
urban planning. It would now be possible to monitor 
the changing urban land use dynamics more frequently 
and at less cost. Finally, with the 73rd and 74th amend¬ 
ments of the Constitution and the thrust for mini master 
plans for implementing the ‘Integrated development 
schemes for the urban and rural villages’ in the country, 
IRS-1C class of satellites will immensely benefit urban 
planners and decision makers a long way in the years 
to follow. 
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Satellite remote sensing techniques are increasingly 
being employed to solve problems relating to water 
management both at national level and at l° c al level. 
The first two Indian Remote Sensing satellites, IKb-lA 
& IB, significantly contributed to improved water 
management in the country. The recently launched 
IRS-1C satellite with its suite of sensors - WiFS, Lloa- 
ITT and PAN - would further enhance our capabilities 
to generate appropriate information for sustainable 
water resources development. The dynamics o wa er 
resources, its availability and utilization, will be effec¬ 
tively captured by WiFS sensor and the details required 
for locale specific action plans would be generated 
from LISS-III and PAN sensors. In this article we 
evaluate IRS-1C potential in four major areas of water 
resources management, namely, irrigation, flood, snow 
and drought. ___ 


Water management in India, both, in its conservation 
and in its control aspects, has significantly benefited 
from satellite remote sensing inputs. From its modest 
beginning with surface water inventory Satellite Remote 
Sensing (SRS) technology has progressed to more com¬ 
plex management tasks such as irrigation system per¬ 
formance evaluation and diagnostics, countrywide 
drought monitoring, snowmelt runoff forecasts, reservoir 
sedimentation and watershed treatment, flood mapping 
and management and environmental impact assessment. 
National and locale specific programmes have utilized 
space derived data to enhance the efficiency of water 
management. The spatial resolution of satellite sensors 
has significantly improved, the spectral coverage in¬ 
creased to cover middle and thermal infrared wavelengths 
and repetitivity improved with multiple satellites. 
Microwave remote sensing is helping to see through 
cloud cover, enabling monitoring through the monsoon 
months. The recently launched IRS-1C satellite with its 
suite of sensors—WiFS, LISS-III and PAN-would fur¬ 
ther enhance our capabilities to generate information 
inputs for better water management. An appraisal of 
new capabilities in four specific water resources areas 
has been conducted and the results are presented in this 
article. 
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Irrigation water management 

Satellite remote sensing is being utilized for base line 
inventory of irrigated area, cropping pattern, crop con¬ 
dition, and productivity in irrigation systems, monitoring 
irrigation status through the season, optimum design of 
crop cutting experiments, staggering of sowing and 
transplantation of crops, evaluating system performance 
and diagnostic analysis of poorly performing pockets in 
the irrigation system 1 . The currently available Landsat 

and IRS satellites however prove limiting in effectively 
capturing the irrigation dynamics through the season, 
particularly in the earlier stages and where small area 
crops are prevalent in the command. The IRS-1C satellite 
would lead to quantum improvement in our capabilities 
to monitor and manage irrigation systems. Concurrent 
monitoring through the irrigation season is a critical 
element in effective water management in the irrigation 
projects. Sowings of nonpaddy crops and paddy transplan¬ 
tation are seen to be staggered by as much as two 
months across a command area. Monitoring of crop 
condition is equally critical to ensure that the irrigation 
requirements are adequately met by canal releases. The 
five days repetitive coverage of WiFS sensor will provide 
the necessary surveillance capability across the command 
area through the season. The small swath (145 km) of 
LISS-I sensor and even the combined repetitivity o 
IRS and Landsat satellites have hitherto proved ina e- 
quate for effective temporal coverage of large irrigation 
projects. NOAA satellite’s AVHRR sensor data, while 
providing the overview, obviously do not provide details 
in view of its coarse 1 km resolution at nadir. 

WiFS data of three days in 1996 20 January, 2 

January and 8 February—covering Bhadra Project in 
Karnataka have been analysed to evaluate the extent ot 
concurrent monitoring capabilities. The data have been 
normalized for viewing angle, which was different tor 
the three WiFS overpasses, through cosine correction. 
In view of the narrow swath of Bhadra Project pixel 
level correction was not attempted by opting for uniform 
correction along the scan. The three data sets were also 
calibrated for absolute radiance. 

The false colour composite of WiFS coverage of 
Bhadra Project is shown in Figure 1 (in the left half) 
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Figure 1. Repetitive WiFS coverage of Bhadra Project in Karnataka showing staggered agricultural 
operations. 


while the portion of image within the rectangle on all 
three days is shown enlarged on the right half. The 
area enclosed by the circle in these three images is 
typical of the command and is characterized by staggered 
paddy transplantation. The newly transplanted areas after 
25 January, are shown by dark colour within the circle 
in the 3 February image. The close repetitivity of WiFS 
data thus provides the irrigation systems manager the 
tool to monitor how paddy transplantation is progressing 
and to match water deliveries to the staggered paddy 
calendar across the command area. Monitoring of sowing 
progress of semidry crops such as groundnut and sugar¬ 
cane could be similarly taken up after spectral emergence 
of the crop and would be indicated by increasing area 
under red colour in the false colour image. 
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Crop condition assessment at periodical intervals 
through the season is essential for improved water 
management and increased agricultural productivity. 
Comparison of Normalized Difference Vegetation Index 
(NDVI) over groundnut and other irrigated drycrops 
between the three WiFS coverages indicates its sensitivity 
to ground changes in crop growth and condition. In 
order to test that the perceived differences are not due 
to atmospheric effects, the spectral response of invariant 
features was extracted and compared. The NDVI dif¬ 
ferences observed over semidry crop areas are sig¬ 
nificantly larger than those observed over invariant 
ground features, ruling out noise contribution from atmos¬ 
pheric effects. 

It is expected that the combined knowledge of spatial 
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variability in crop sowing/transplantation and the sub- 
sequent NDVI dynamics, would help in normalizing 
crop calendar differences in crop condition assessment. 
The WiFS generated seasonal NDVI profiles would also 
be useful in yield modelling and in identifying stress 
periods for better water management. 

The 188 m resolution of WiFS however proves limiting 
in the detailed identification of small area crops dis¬ 
tributed within the command area. Figure 2 shows 
LISS-III data of distributary 6B under the Davangeie 
Branch canal division of Bhadra Project. The cadastral 
map has been digitized and shows excellent match with 
field boundaries and natural drainage features. Fields 
with transplanted paddy and standing semidry crops as 
small as 0.25 ha, could be noticed. Another interesting 
feature is the partly cultivated fields within the revenue 
survey number indicating staggered agricultural opera¬ 
tions even within the farmer’s holding. Farm holdings 
in Ramagondanahalli village irrigated by distributary, 
paddy transplantation (Nos. 17 and 43) and under¬ 
irrigated dry crops such as groundnut and sugarcane 
(No. 41) are clearly shown. Thus detailed inventory of 
cropping pattern within the irrigation command can e 


obtained from LISS-III data. This baseline spatial 
information can be combined with repetitive WiFS data 
to provide temporal monitoring of crop condition. 

Panchromatic data of 5.8 m resolution is expected to 
be useful in delineating details of canal network and 
field level irrigated crop inventory, in addition to the 
contour information which is of use in preliminary 
planning of canal alignment and land shape. 

Subsequent investigations would centre around com¬ 
prehensive evaluation of WiFS temporal, spatial an 
radiometric sensitivity for concurrent monitoring and 
LISS-III sensor for detailed crop inventory at dis- 
tributary/minor/water course level. 

Flood management 

Satellite remote sensing techniques have been providing 
in the last decade critical inputs on flood-inundated 
areas, damage to cropland and utilities, status of Boo 
control works and flood hazard zoning which are vital 
for effective flood management 2 . However, limitations 
have been encountered in view of cloud cover during 
the flood period, long revisit period inadequate toi 
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•monitoring the flood dynamics and the spatial resolution 
not fine enough for looking at microlevel flood details. 
IRS-1C with its sensors - WiFS, LISS-III and PAN-will 
be providing the much needed close temporal coverage, 
large area synoptic viewing of the entire basin and more 
detailed view of ground conditions. 

The limited swath of earlier IRS and Landsat satellites 
hampers flood monitoring over the basin or State as a 
whole. A review of satellite data utilization till date 
indicates that so far not a single cloud-free synoptic 
coverage of a river basin such as Brahmaputra was 
available. Cloud-free IRS-1A and IB satellite data have 
been available only over selective areas within the basin, 
thus not providing a complete picture of flood conditions. 
This has hampered effective flood management. The 
Wide Field Sensor data with around 800 km swath 
provides an excellent opportunity to map and monitor 
floods, even over large river basins such as Ganga or 
Brahmaputra, and would help in the preparation of 
statewise and basinwise flood inventories (Figure 3). 
Since so far satellite data had been available only in 
patches in the basin, the hydraulic connectivity between 
the cause and effect of flood such as embankment 
breach, drainage congestion, etc. could not be studied 
comprehensively and hence could not give an input in 
flood management programmes. 

Today, any specific ground area is repetitively covered 
effectively at 6 day interval considering the combined 
repetitivity of IRS-1B, P2 and Landsat-5 satellites. Thus, 
the total number of scenes (coverage) over any specific 
area during the flood months of June to October will 
be around 25. An analysis of statistics of recent eight 
years indicates that only a maximum of four scenes out 
of 25 possible coverages in any specific area are cloud- 
free and, hence, usable for flood monitoring. To cover 


a large river basin, such as Brahmaputra, about 6 satellite 
scenes are required and the maximum number of cloud- 
free scenes is normally around 24 for the entire basin. 
Further, such coverage will not be synoptic and for 
different areas could represent different time periods. 

The 5 day repetitivity of WiFS data results in about 
30 coverages over any specific area during the flood 
months. The availability of cloud-free data over Brah¬ 
maputra basin is estimated to be on an average of about 
10 cloud-free WiFS scenes. This is equivalent to about 
60 satellite scenes of IRS-1A, IB, P2 and Landsat. 
Thus, the cloud-free coverage of flood conditions in 
Brahmaputra basin would improve by more than 2j 
times and this coverage will be synoptic and not patchy 
as hitherto been available. We would be able to monitor 
different waves of floods, extent of inundation during 
the flood wave, duration of floods, etc. which will form 
critical inputs for basinwise planning for flood manage¬ 
ment. 

Since currently available WiFS data are acquired 
during non-flood period, IRS-P2, LISS-II data during 
1995 floods in Kosi basin have been used to simulate 
WiFS data (Figure 4). Three cloud-free LISS-II scenes 
of 22 August 1995 and 10 September 1995 were mosaiced 
for WiFS simulation. It is observed that spatial resolution 
of 188 m of WiFS will not be limiting the accurate 
mapping of flood-inundated areas at regional level. The 
spectral characteristics of water in WiFS wave bands 
have been studied and found comparable with LISS-I 
data for land water discrimination. 

The classification accuracy in mapping flood-inundated 
areas in Marigaon district in Assam State using simulated 
WiFS data is estimated at 90% compared to LISS-I 
data. Thus, acceptable flooded area estimates can be 
obtained from WiFS in spite of its 188 m resolution. 



Figure 3. WiFS coverage of Brahmaputra river demonstrating potential for basinwise flood inventory. 
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Figure 4. Simulated WiFS data covering Kosi river floods in 1995 


The fine spatial resolution of 23.5 m of LISS-III sensor 
makes it ideal for use in monitoring the status of flood 
control works. Figure 5 shows part of Kosi river as 
well as its embankments and spurs along the river which 
are clearly identifiable. It is seen that even a spur of 
50 m in length can be identified on LISS-III data. A 
comparison of LISS-III data with LISS-II data indicates 
that spurs which could not be identified in the latter 
are clearly visible in the former. Flood plain featuies 
could be better mapped on LISS-III data. Such details 


are expected to be even better in PAN data of 5.8 m 
resolution. These high resolution data can be utilized 
to generate up-to-date national inventory of flood control 
works and their status. 

It is thus evident that while the basinwise synoptic 
coverage and the temporal dynamics will be provided by 
WiFS, the details of critical flood-affected areas woul 
come from LISS-III and PAN sensors. The suite of these 
sensors on board IRS-1C is expected to enhance effective 
flood management in the flood-prone areas of the country. 
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Figure 5. L1SS-III data of part of Kosi river showing river morphology, flood control embankments and spurs. 



Forecasting of snowmelt run-off 

NOAA AVHRR data currently have limitations in esti- 
mating snow cover areal extent in medium sized 
Himalayan basins of 5000-15000 km 2 size, in view of 
its coarse spatial resolution. It also does not capture 
snow cover information in smaller hydrologic units such 
as elevation zones and aspect zones in large basins like 
Sutlej (50,000 km 2 ) as well as in transition zones and 
patchy snow cover areas, which are critical for short 
term modelling of snowmelt run-off. It is in this context 
that the WiFS data is going to significantly contribute 
to snow studies in Himalayan basins. 

This preliminary evaluation addresses the issues of 
saturation radiance, dynamic range and spatial resolution 
of WiFS data to satisfy the above important requirements. 

594 


The study has been conducted in the Tibetan portion 
of Sutlej basin. 

The low radiometric resolution of 7 bit quantization 
of WiFS does not seem to limit precise delineation of 
snowcover areas. WiFS data of 24 January 1996 and 
AVHRR data of 29 January 1996 have been compared. 
AVHRR of 24 January 1996 was cloud covered and, 
hence, could not be used. The dynamic response of 
bands 3 and 4 of WiFS and of corresponding bands of 
1 and 2 of AVHRR is given in Table 1. Since WiFS 
is designed for greater sensitivity to vegetation and other 
non bright objects compared to AVHRR, more than 
80% of the snow covered area in the sunlit portion is 
seen to be saturated, while snow in shadows has a good 
dynamic range. This means that while different snow 
types such as fresh snow and dirty snow, having different 
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albedos, cannot be discriminated in WiFS due to high 
saturation, snow/nonsnow-discrimination is very goo 

The high sensitivity of band 4 in WiFS compared to 
band 3 may have significance in regard to surface 
wetness and grain size. However, this extrapolation from 
the earlier studies of TM data (Dozier 1991) needs 
further investigation. 

Figure 6 shows the classification results with WiFS 
data for the three categories of snow, transition and 
non-snow. The transition zone which could not be earlier 
captured in the AVHRR data can now be accurately 
mapped due to the WiFS 188 m spatial resolution and 

Table 1. Dynamic response of snow in WiFS and NOAA data 


Snow in sun 
Snow in shadow 
Transition snow 


Snow in sun 
Snow in shadow 



Band 3 



Band 4 


Mini¬ 

Maxi¬ 


Mini¬ 
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mum 
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mum 
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better sensitivity to non-bright objects. The AVHRR 
data seem to fail even when the transition zone extends 
to larger patches, as a result of poorer spatial resolution 
and radiometry. The mapping of transition zone is very 
important in short term snowmelt forecasting. 

Short term forecasting in large basins such as Sut ej 
requires a spatial modelling approach involving smaller 
hydrologic units. Table 2 shows the snow cover statistics 
in 6 elevation zones of the study area from WiFS and 
AVHRR data. The percentage snow-covered area toi 
the entire study region is 70.3 in WiFS (treating transition 
by 50% weightage) and 69 in AVHRR data, thus the 
latter in spite of its coarse resolution would still provide 
an acceptable basinwise statistics in seasonal runott 
models 3 . However, short term forecast involves areal 
estimates for elevation zones and consideration of snow¬ 
melt process modelling separately for transition and full 
snow areas, which call for WiFS data. 

The different overpass times of WiFS in the morning 
and AVHRR in the afternoon could have significant 
impact on snow application in Himalayan basins The 
morning pass of WiFS can result in lower probability 
of cloud cover compared to AVHRR data. The W.FS 
coverage of Sutlej in Tibet on 24 January 1996 was 
relatively cloud-free but AVHRR of afternoon pass on 
the same day was extensively cloud-covered. Figure 8 
also shows how coastal Andhra Pradesh was cloud- 
covered in NOAA AVHRR data but cloud-free on WiFS 

^Since most of the shadow areas including obliquely- 
illuminated slopes in WiFS are well-illuminated in after¬ 
noon AVHRR pass, a combined analysis of WiFS and 
AVHRR can prove very useful in illuminating most ot 
the shadows. This can be clearly seen in Figure 7. 
WiFS coverage with Sun and sensor in opposite directions 
can provide useful information in the shadow areas 
because of forward scattering. . 

The LISS-III with high spatial resolution has the 
capability for mapping snowcover in very small basins 
up to 100 km 2 , with SWIR band having proven capability 
for discriminating snow from cloud. The PAN data will 
provide unique opportunity to study avalanche-run sites, 

Table 2 Classification of snow-covered area on WiFS and 

AVHRR data _ 



Figure 6. Classified snow cover map from WiFS and AVHRR data 
(blue is snow, red is transition snow and light green indicates nonsnow). 
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Figure 7. WiFS (left) and coiTesponding AVHRR (right) images 
Himalayas. 

mapping avalanche-hazard zones and development of 
high resolution DTMs. The utility in avalanche studies 
however is to be further evaluated from the point of 
view of saturation radiance as also spatial resolution. 

Drought assessment 

Agricultural production in India, in spite of significant 
technological advances, continues to be affected by 
periodic droughts due to monsoon aberrations. The 
National Agricultural Drought Assessment and Monitor¬ 
ing System (NADAMS) at NRSA is currently providing 
crop and seasonal condition reports at district and sub¬ 
district levels through the kharif season in 11 agricul¬ 
turally important and drought-vulnerable states of India 4 . 
The system uses National Oceanic and Atmospheric 
Administration (NOAA) satellite’s Advanced Very High 
Resolution Radiometer (AVHRR)-based Normalized 
Difference Vegetation Index (NDVI) data in view of 
its large swath (about 2700 km) and daily coverage. 

Though NADAMS is able to provide regional drought 
assessment, locale-specific information cannot be 
generated in view of coarse resolution of NOAA satellite 
data. In a recently held meeting, the user agencies have 
assigned high priority for providing more detailed drought 
assessment for smaller areal units and for specific themes. 

It is in this context that the WiFS data have been 
evaluated for its potential for detailed drought monitoring. 

The evaluation addresses the WiFS potential to 
generate more detailed drought assessment at district/ 
tahsil/mandal/block level, NDVI sensitivity to vegetation 
dynamics and effect of morning coverage of WiFS in 
regard to cloud cover in comparison to NOAA AVHRR 
afternoon overpass. 



showing the effect of acquisition time on shadows in snow-bound 


The standard WiFS digital product over Andhra 
Pradesh (path 101/row 61) acquired on 25 January 1996 
has been evaluated in comparison to afternoon pass of 
NOAA AVHRR data of 24 January 1996 with similar 
look angle. 

Since the standard WiFS data had been acquired with 
gain 3 and later converted into 8 bit, the conversion 
of digital count into radiance was based on the following 
prelaunch calibration coefficients. 

R3 = DN3 (31.76/255), ' (1) 

R4 = DN4 (29.84/255), (2) 

where R3, R4 is the radiance, in mw cm“ 2 -str-micron 
for the corresponding digital counts of (DN3, DN4) 
band 3 and band 4. 

The master image of India and adjacent countries, 
generated from the Survey of India (SOI) maps in 
1 : 2.5 million scale with pixel resolution 1100 M, was 
resampled to 188 m. The geometric correction was carried 
out by ground coregistering control points through 
appropriate transformation model. 

The NOAA AVHRR data of 24 January 1996 was 
processed for north—south orientation and earth curvature 
correction. Since the AVHRR data are from NOAA-14 
satellite, the corresponding pre-launch calibration co¬ 
efficients for the first two bands channel 1 (0.58-0.68 
micron) and channel 2 (0.78-1.1 micron) were applied 
for converting 10 bit (1024 grey levels) AVHRR data 
into per cent albedo with the following equation. 

R1 = 0.1081 DN1-3.8648, (3) 

R2 = 0.1090 DN2-3.6749. (4) 
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where Rl, R2 are the per cent albedo for th ® ‘T 
responding digital count DN1, DN2 respectively for 
channel 1 and channel 2 of AVHRR data. The geometric 
correction was carried out in reference to m P 
master image, and the image portion of Andhra Pradesh 
was selected and resampled to 188 m resolution. 

The radiometrically calibrated data o ar J . .. 

WiFS were used to calculate NDVI image with similar 
fofk up table as that of NOAA-based NDVI tor com¬ 
parison. The NDVI equation used for both WiFS 
AVHRR is as follows: 

near infrared-red 

NDVI = 222.5 - 350 \ 

where NDVI is the 8 bit normalized difference 
index, near infrared is the calibrated B4 o 1 
calibrated channel 2 of AVHRR and red >s die 
B3 of WiFS and calibrated channel 1 of AVH • 

In case of NOAA, instead of single date, time composi e 
weekly vegetation index ending with 24 January 
was selected to minimise off-nadir and cloud effect 
Statistics was generated from mdividua an s a " 
of WiFS and NOAA over selected district (Adilabad 
and Kodavallur Mandal of Nellore District) and over 
various land cover classes. The false co our comp 
of AVHRR (channel 2, channel 1, channel 1 as ) 
and WiFS (B4, B3, B3 as RGB) of Andhra Pradesh is 

81 The cloud-free WiFS coverage over the coastal districts 
of Andhra Pradesh indicates high probability of cloud- 
free coverage from WiFS (morning pass) compared to 
NOAA data (afternoon pass) particularly in the coasta 

regions. 
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Figure and b. Comparison of dynamic response of vegetation 
cover in WiFS and AVHRR. 
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Figure 10. NDVI imagery of Andhra Pradesh from AVIIRR and WiFS. 



Figure 11. Comparison of vegetation index at mandal level in coastal districts of Nellore and Prakasam in Andhra Pradesh. 


In spite of its 188 m spatial resolution, waterspread 
in surface waterbodies can be delineated clearly by 
WiFS data. While only three irrigation reservoirs could 
be identified on NOAA data of drought-prone Mahaboob- 
nagai district, most of the minor irrigation tanks can 
be mapped in WiFS data, indicating the possibility of 


hydrological drought assessment in addition to improved 
agricultural drought assessment. Better spatial resolution 
in WiFS also helps in improved bare soil/vegetation 
discrimination. 

Figure 9 a shows the dynamic range of comparable 
WiFS and NOAA bands for various landcover/use 


598 


CURRENT SCIENCE, VOL. 70, NO. 7, 10 APRIL 1996 





















SPECIAL SECTION: IRS-1C 


categories including tTLf cot 

the dynamic response of WiFS for all me 
categories particularly over vegetation cover, is very 
— a ed to aVhRR data This is remarkable 
considering the 7 bit quantisation of WiFS compared 
to 10 bit quantisation of AVHRR data, indicaung that 
WiFS is well tuned for vegetation monitoring. 

The high dynamic response of WiFS fo, vegetation 
monitoring reflects in better NDVI sensitmty(to^vegem- 
tion monitoring (Figure 0 ». The large J®VI range to 
different vegetation types, compared to 
iow response in AVHRR, indicates that it would be an 
effective tool for monitoring the vegetationstatu^d 
dvnamics Figure 10 shows the comparison of NDVi 
image generated from WiFS and the time composited 
NO A A data with the same colour 00 “|L ti sen . 
different NDVI ranges. The ^creased vegeta mn M 

sitivity of WiFS is seen in longer NDVI rang 
more number of NDVI classes. The si f lf, “ nt 
in NDVI at the bare soil/vegetation trans 
indicative of improved capability for monl ^ or ^ ^ j 
vegetation status in the early stages of agricultural 

^comparison of NDVI statistics at district and manchd 
levels indicates that similar district statistics^ <- 
from both WiFS and AVHRR. However, WiFS prov.de 
high NDVI value at mandal level compared toAV» 
Figure 11 shows the NDVI images from WiFS and 


AVHRR generated over Prakasam and Nellore districts 

with overlay of mandal boundaries. . 

WiFS thus seems to be very effective for monitoring 

the status of vegetation cover and its d y naml ^ 
would be a very valuable supplement to AVHRR m 
objective and reliable monitoring of drought conditions. 


Conclusions 

This preliminary evaluation of IRS-1C sensors has high¬ 
lighted exciting potential for improved water managemen 
Sgh S mporitivo coverage of dynamic changes and 
he capability to generate locale-specific details. These 
initial results will be followed by more comprehenswc 
investigations into its utility in various “t"® 
tainable water resources development, lead g 
integration in national programmes. 
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Use of IRS-1 C data in groundwater studies 

P. R. Reddy, K. Vinod Kumar and K. Seshadri 

National Remote Sensing Agency, Balanagar, Hyderabad 500 037, India 


Satellite data have been proved to be highly useful for 
groundwater studies and mapping. Using the coarser 
spatial resolution data available from first generation 
satellites namely, Landsat, SPOT, IRS-1A and IB, 
prospective groundwater zone maps could be prepared 
up to 1 : 50,000 scale. With the availability of higher 
spatial resolution data from recently launched IRS-1C, 
up to 1:10,000 scale is possible. A quick appraisal of 
the data available from different sensors of IRS-1C 
has been carried out to bring out their potentialities 
and capabilities for groundwater studies. The IRS-1C 
data are useful not only in identification of the 
prospective groundwater zones, but also in locating 
them properly on the ground. The high resolution data 
of PAN coupled with multispectral LISS-III data also 
provide spatial information about the extent of 
groundwater utilization for irrigation in different 
areas, help in groundwater budgeting, delineation of 
oyer-exploited areas and identification of problem 
villages to facilitate systematic planning and develop¬ 
ment of groundwater. 


Groundwater is one of the most important natural 
resources. In India, more than 90% of rural and nearly 
30% of urban population depend on groundwater for 
meeting their drinking and domestic requirements. In 
addition, it accounts for nearly 60% of the total irrigation 
potential in the country, irrigating about 32.5 million 
hectares as compared to 25.8 million hectares irrigated 
by all major and medium irrigation projects put together. 
Due to its longer residence time in the ground, low 
level of contamination, wide distribution and availability 
within the vicinity and reach of the consumer, 
groundwater development gets first priority for meeting 
the evergrowing demand of water and occupies an 
important place both in the hydrologic cycle as well as 
in the life cycle of mankind. 

Groundwater distribution in the ground is not uniform 
and is subject to wide spatio-temporal variations depend¬ 
ing on the underlying rock formations, their structural 
fabric and geometry, surface expression, etc. Hence, to 
understand the movement and occurrence of groundwater 
below the ground, the geology, geomorphology structural 
set up and recharging conditions have to be well un¬ 
derstood 1 . 

Use of satellite data in groundwater studies 

From the interpretation of satellite imagery in conjunction 
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with sufficient ground truth information, it is possible 
to derive significant information on the geology, geomor¬ 
phology, structural pattern and recharge conditions which 
ultimately define the groundwater regime. During the 
last two decades, considerable work has been done in 
the country using satellite data 2 ' 3 . Under National Drink¬ 
ing Water Technology Mission sponsored by the Depart¬ 
ment of Rural Development, the Department of Space 
with the active co-operation of several other departments 
has prepared the district-wise hydrogeomorphological 
maps on 1 :250,000 scale for all 447 districts in the 
country using IRS-1A data 4 . Subsequently, the Depart¬ 
ment of Space has also demonstrated the potential of 
satellite data in preparation of 1 : 50,000 scale maps for 
limited areas. 

With three sensors, viz. WiFS, LISS-III and PAN, 
IRS-1C can be considered as a three-tier system offering 
data for: 

a) regional level studies on 1 :50,000 scale; b) sys¬ 
tematic and semi-detailed studies on 1 : 30,000 to 
1 :50,000 scale; and c) more detailed studies using 3-D 
information wherever required on 1 : 10,000 to 1 : 15,000 
scale. 

In this article we highlight the advantages and 
capabilities of IRS-1C data in groundwater studies 
based on a quick study carried out in parts of Ranga 
Reddy district, AP. 


Methodology 

The data provided by WiFS, LISS-III and PAN sensors 
of IRS-1C have been analysed using EASI/PAGE image- 
processing software. Initially, WiFS data have been 
studied to understand the regional geological, geomor- 
phological and structural set up of the area for deriving 
a holistic view of hydrological conditions in the entire 
basin. Then, LISS-III data have been interpreted to map 
the major faults, fractures/lineament, hydrological fea¬ 
tures, etc. of a selected area for identifying prospective 
groundwater zones vis-a-vis the status of groundwater 
development on 1 :30,000 scale. To obtain further 
detailed information, two small windows have been 
selected and studied in greater detail on 1 : 15,000 scale 
using high spatial resolution PAN data in conjunction 
with multispectral LISS-III data. The multispectral nature 
of LISS-III data has provided enough hydrogeological 

CURRENT SCIENCE, VOL. 70, NO. 7, 10 APRIL 1996 



SPECIAL SECTION: IRS-1C 


information, but it could not be enlarged beyond 
1 : 30,000 scale owing to its coarser spatia re ■ 

The PAN data due to its finer spatial resolution cou 
be enlarged up to 1 : 10,000 scale, but because of its 
panchromatic nature, sufficient hydrogeological informa¬ 
tion could not be picked up. In view of this, hybrid 
FCCs have been generated by resampling an mer § in J 
the LISS-III data with PAN data and used for 
detailed studies of small areas. 

Results and discussion 

The quick study based on visual and digital analysis 
of IRS-1C data has shown the following advantages/ 
potentialities for groundwater studies: 

Analysis of WiFS data 

WiFS data have provided synoptic coverage of large 
areas in a single frame, enabling regional understanding 
of the hydrogeological set up of the entire asm. 
b«n found Lt these data will be useful tn basm-wise 

studies for: 

i) groundwater resource estimation 

ii) understanding the inter-basinal flow of water across 

the basin divides and . . -,, 

iii) adopting holistic approach for basinwise ram - 
runoff estimations and water budgeting (surface and 
groundwater). 


Analysis of LISS-III data 

The LISS-III data are superior to previously available 
LISS-II data from IRS-1 A and IB in terms of higher 
spatial and spectral resolutions. Due to its higher spatial 
resolution of 23.5 m, it has been found to be ■ qw je 
useful in semi-detailed surveys and mapping on . * 

to 1 : 50,000 scales both for groundwater resource esti¬ 
mation and identification of prospective zones. Due to 
increased spatial resolution, the hydrological features 
like faults, fractures, groundwater-irrigated areas, e c. 
appear sharper and defined in LISS-III data. Further, 
the multispectral data provide information on crop tyP e ® 
(paddy and irrigated dry crops) which are highly usetu 
in estimating the season-wise and year-wise groundwatei 
usage in different areas which form a critical input in 
oroundwater resource estimation, planning and budgeting. 
° Figure 1 shows the LISS-III FCC (432 = RGB) imagery 
(reduced scale) of parts of Ranga Reddy district, AP 
which has been studied on 1 :30,000 scale. The area 
is occupied by granitic gneisses intruded by dolerite 
dykes and cut across by a number of faults and linea¬ 
ments. The dolerite dykes act as barrier for movement 
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of groundwater, whereas the lineaments/faults which cut 
across them act as conduits for groundwater movement 
The weathered zones within the granite gneisses conta 
limited quantities of groundwater. The water bod 
(tanks) which are seen on the imagery as black patches 
not only provide irrigation facility in the area but also 
contribute for recharge to groundwater. Thus by provid¬ 
ing appropriate hydrogeological information the LISS-III 
data facilitate proper identification tmd 
nrosDective groundwater zones on 1 . 15,000 to • > 

scales The LISS-III data by providing spatial distribution 
of irrigated crop land as bright red patches (Figure 1) 
are not only useful in calculating where and how much 
of groundwater is being tapped for irrigation but also 
in classifying the entire area into over-developed under- 
developed, optimally developed and undeveloped zone , 
indicating the status of groundwater development, 
"was found useful for identifying the problematic 
villages either due to unfavourable hydrogeolog.ca con¬ 
ditions or due to over exploitation in their vicinity. 

Analysis of PAN data 

Because of its higher spatial resolution, the PAN data 
have been found to withstand large-scale enlar § er ^ S 
up to 1 : 10,000 scale without breaking the pixels. Th , 
bestowed with higher spatial resolution and stereo 
capability, these data provide information similar 
aerial photographs on that scale. 

The main advantage of PAN data is the ‘dei¬ 
fication of prospective groundwater zones on t 8 

Pair in the absence of such high resolution data, 
often aerial photographs were used to exactly loca,e 
the ground the faults, fractures and other hydrogeolog,cal 
indicators interpreted from satellite imagery. Now, in 
case of well-defined faults/fractures, their exact location 
on the ground can be identified more clearly using PAN 
data The large scale enlargements of PAN data on 
1 ■ 10,000 to 1 : 15,000 scale are quite useful in moie 
accurate demarcation of the zones on the ground with 
the help of field boundaries, roads, villages, individua 
trees, stream courses and other controls. By over aying 
or comparing the cadastral maps with PAN imagery on 
1 • 10 000 scale, it is also possible to identify the survey 
numbers of the fields through which the fractures and 
lineaments pass. Further, due to finer spatia resolution 
the minor slips, offsets and dislocations in the linear ridges 
and intrusives like dolerite dykes could be identified more 
easily. Thus, the faults responsible for such displacements 
which also form the prospective groundwater zones can 
be mapped more accurately using PAN data. 


Analysis of hybrid FCCs of LISS-III and PAN 
Figures 2 and 3 show the hybrid FCCs corresponding 
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to two small windows shown in Figure 1. These images 
clearly depict minor faults and lineaments indicated by 
slips/offsets and gaps and in the dyke ridges. These 
faults/lineaments act as conduits for movement of water 
below the ground and form the prospective groundwater 
zone. With the help of field boundaries, cart tracks, 
stream courses and other reference points which are 
clearly seen on PAN data, these zones can be more 
accurately demarcated on the ground. In addition, some 
minor fractures originating from these major faults/linea¬ 
ments, and passing through water bodies (tanks) which 
also form potential sources for tapping drinking water 
to the nearby village could be delineated. 


Further, IRS-1C data have also been found to provide 
important inputs, especially in the following fields of 
groundwater studies: 

In groundwater resource estimation . PAN and LISS-III 
data provide more accurate and season-wise information 
on the following factors which form essential inputs in 
groundwater resource estimation. 

i) Spatial distribution and areal extent covered by reser¬ 
voirs, tanks, canals, streams and other water bodies 
whose seepage form an important input to groundwater 
recharge. 

ii) Irrigated area statistics (season-wise) which are useful 
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in estimating deep percolation losses from the irrigated 
fields which also forms an essential input to recharge. 

Areas of groundwater development and utilization. Satel¬ 
lite data have been proved to be highly useful in 
knowing where and how much of groundwater is really 
being utilized for irrigation purposes 5 . In the hard rock 
areas, arid and semi-arid regions where individual wells 
hardly irrigate 1-2 acres, mapping of such small patches 
and calculating the groundwater utilization in those areas 
were difficult tasks using the coarse resolution data. 
Now, the PAN data with 5.8 m spatial resolution, in 
synergism with LISS-III data have been found to be 
useful to identify and map such small irrigated patches 
based on which the status of groundwater development 
and utilization can be calculated (Figures 1 and 4). 


Over-exploitation of groundwater. In many parts of the 
country where groundwater resource is limited, utilization 
of groundwater has reached a peak, resulting in drastic 
decrease in water levels and drying up of the existing 
wells. Besides wastage of investment by the farmers, 
this is also leading to serious socio-economic and en¬ 
vironmental problems including severe shortage of drink¬ 
ing water in rural areas. The LISS-III and PAN data, 
by providing reliable information on the spatial distribu¬ 
tion and extent of groundwater irrigation, have been 
found to be highly useful in identifying the zones/areas 
of over-exploitation (Figure 1) where appropriate 
remedial measures can be planned. 

Systematic development and planning. The LISS-III and 
PAN data by providing information on the status of 


Figure 2. Hybrid FCC of LISS-III and PAN (BGR = band 2, 
(water body); F-F, Fault;-, Fracture/lineament. 


3 and PAN). H, Hills; D. Dyke; Q, Stone quarry; T, Tank 
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groundwater development (through spatial distribution 
of groundwater-irrigated areas) help in identifying the 
under-developed and over-developed areas, besides locat¬ 
ing prospective zones (Figures 1 and 4). Thus, it helps 
in planning appropriate remedial measures in the over¬ 
developed areas and systematic development in the under- 
developed areas. 

Identification of problem villages. As discussed above, 
IRS-1C data help in identification of the areas where 
groundwater resource is scarce or not available. Based 
on this, the problematic villages having poor groundwater 
prospects can be identified. Similarly the problematic 
villages due to over exploitation in their vicinity can 


also be identified for adopting suitable remedial measures 
to solve the drinking water problems. 

Conclusions 

The IRS-1 C data provide useful details required in 
groundwater studies. The high-resolution PAN data are 
useful in identifying more precise location of faults/ffac- 
tures and other prospective groundwater zones on the 
ground with reference to field boundaries. The high 
resolution data are useful in providing spatial informa¬ 
tions on the status of groundwater usage for irrigation. 
Further, the PAN data in synergism with the multispectral 
LISS-III data are useful in groundwater resource estima- 



Figure 3. Hybrid FCC of LISS-III and PAN (BGR band 2, 3 
F F, Fault;-, Fracture/lineament. 


and PAN). D, Dyke; T, Tank (water body); S, Scrub land; 
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. . crr Af , ,cc ... and pan (Bands 2, 3 and PAN BGR) of a small watershed, 

ss 

crop land; S, Scrub land; P, Poultry farms. 


tion/budgeting, mapping of over-exploited areas an 
identification of problem villages, etc. for systematic 
planning and development of groundwater to meet drink¬ 
ing and irrigational requirements in the rural areas. 
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The IRS-1C satellite with its sensors onboard has the 
immense potential to provide information on forest 
resources for their surveillance and monitoring. 
Towards this the early results on the use of high 
temporal wide swath WiFS data for rapid forest 
mapping have been demonstrated. The data from 
LISS-III and capability for 1: 25,000 scale forest cover 
mapping amply demonstrate the potential of IRS-1C 
for effective monitoring of forest resources. The use 
of WiFS data for fire monitoring and LISS data for 
assessing afforestation and deforestation has been 
discussed. The PAN data for microlevel studies have 
been found adequate and discussed in this article. 


The IRS-1C satellite carries onboard three sensor 
payloads, viz. panchromatic camera operating in the 
visible region, LISS-III camera operating with four 
spectral channels (green, red, reflective infrared (RIR) 
and middle infrared (MIR) regions) and wide imaging 
field sensor (WiFS) operating in two spectral channels, 
viz. visible and IR bands. The microlevel details for 
stock mapping are expected to be achieved by the 
panchromatic stereo data with 5.8 m resolution. The 
stereo image will enable orthomapping for accurate 
terrain presentation. The various forest types in different 
bioclimatic regions can be mapped using LISS-III mul- 
tispectral data of 23.5 m spatial resolution. The incor¬ 
poration of MIR data will enable better discrimination 
of forest types. The LISS-III data is to be the most 
reliable data source for resource mapping at forest 
division level. The WiFS payload with repetitivity of 
every five days permit rapid forest cover monitoring 
and mapping. The study presents early evaluation results 
of the IRS-1C data. 

WiFS data for rapid forest cover assessment 

The Forest Survey of India (FSI) monitor the forest 
cover of India biennially, using IRS-1B LISS-I data. 
The maps being generated on 1 : 250,000 scale provide 
information with respect to dense, open and mangrove 
forests in India. The status of forest cover is also 
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provided for various states, at district level. For certain 
regions obtaining cloud-free image using IRS-IB data 
with 22 days revisit cycle becomes difficult. One of 
the advantages of WiFS data with five-day repeat cycle 
is that the probability to obtain cloud-free data would 
increase. Besides, for certain episodic events like forest 
fire, damage due to cyclone, drought, disease, shifting 
cultivation, etc. more frequent data of WiFS will enable 
rapid change assessment. To demonstrate the utility for 
mapping India’s forests, southern Indian region WiFS 
coverage of 24 January 1996 has been analysed for 
forest cover classification. An attempt has been made 
to evaluate this unique sensor for the first time in two 
different bioclimatic situations, viz. Western Ghats and 
Gujarat. 

The WiFS colour composite has been simulated by 
combining visible, infrared and 3 x visible channels in 
red, green and blue combination (Figure 1). The per 
pixel supervised classification using maximum likelihood 
classifier indicates that it is possible to achieve forest 
cover/types classes. The forest cover classification has 
been achieved using maximum likelihood algorithm by 
defining various forest cover training areas. The spectral 
separability and class distinction have been taken care 
by observing the mean spectral reflectance values and 
also the standard deviation (Table 1). The analysis 
revealed that the min-max DN values in the visible 
and IR for forest vegetation are 28-103 and 14-162 
respectively. The mean spectral separability response of 
various forest cover types is shown in Figure 2. Finally, 
the classification of three forest types, based on forest 
condition, viz. dense, open and deciduous open forests, 
has been achieved. The classified output of the entire 
southern India showing three forest cover classes is 
shown in Figure 3. The analysis on forest cover when 
compared with the forest maps generated by FSI and 
the available state forest maps of Kerala and Karnataka 
revealed high correlation. The confusion matrix also 
revealed a classification accuracy of 80% for all the 
classes. However, by careful analysis and combining 2—3 
dates of different phenological stages data there is a 
possibility to improve the accuracy on forest cover maps. 
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Figure 1. False colour composite of WiFS data. 


The study carried out using WiFS data of Western 
Ghats and Gujarat (Dang forest division) indicates that 
the data are excellent sources for rapid fofest survey. 
Availability of such data would also reduce computer 
processing time and data cost. Around 6.5 lakh km 
area in Western Ghats could be analysed (single frame) 
with a high degree of consistency and fidelity. The 
study also recommend the use of WiFS data for annual 
forest cover mapping which can save adequate time an 
money while providing equally efficient forest cover 
details, at 1 :250,000 scale. Hence the WiFS is ideal 


Table 1. WiFS data reflectance values for forest cover details 



Mean 


SD 


Class 

IR 

VIS 

IR 

VIS 

Dense forest 

Dense deciduous forest 
Open forest 

Deg. forest 

Agriculture 

Fallow 

Water 

Cloud 

88.99 

75.08 

111.03 

82.41 

98.76 

110.88 

14.81 

162.68 

29.46 

46.57 

32.59 

54.44 

51.56 

103.18 

28.83 

176.7 

8.64 

4.71 

8.95 

6.74 

5.04 

6.82 

3.01 

54.92 

5.87 

3.25 

4.75 

14.15 

6.21 

11.07 

5.04 

67.73 
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^SPECTRAL SEPARABIIiTY PLOT OF WIFS DATA 



Figure 2. Spectral separability plot using WiFS data. 


for the rapid national level forest cover mapping or 
even at the state level for periodic monitoring of forest 
wealth. 

In addition to the above, WiFS data could be used 
for annual inseason forest fire monitoring and to account 
damages and suggest control measures for large scale 
forest fires because the WiFS data can be acquired for 
every five days subject to the availability of cloud-free 
data. Besides, WiFS data have an added advantage for 
closely monitoring phenological changes and sub¬ 
sequently choosing appropriate data for any specific 
application and to study episodic events (fire, cyclone 
damage, etc.). 



Figure 3. Forest cover map generated from WiFS data. 
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Comparison of WiFS with IRS-1B LISS-I 

From the southern Indian peninsular Wl ^ data ’ a d f 
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firewood, illegal falling and grazing. Eco development strategy to pinpoint protection measures in the biotic 
planning around protected areas essentially requires in- pressure zones to reduce the pressure, 
formation on such impacts on the forests. An example for Biotic Pressure Zone Map (BPZM) 

It is essential to workout fire wood and fodder demand of Agra reserve forest prepared using LISS-III data and 
in conjunction with socioeconomic set up in and around its comparison with LISS-II is shown in Figures 8 and 

forest patches and evolve remote sensing/GIS-based 9. The results indicate that level of details available in 



Figure 5. Forest cover classification using IRS-IB LISS-I data. 
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Figure 9. Biotic pressure zone mapping using IRS-1C USS-III data. 


LISS-III is higher than LISS-II. This is due to the 
higher resolution of the data. The LISS-III data also 
provide information on the accessibility to the forest 
which is otherwise difficult to observe. 

Thus, the initial evaluation of IRS-1C data indicates 
that WiFS and LISS-III together provide multilevel 
information to the forest managers for rapid forest cover 
mapping, detailed forest cover mapping at the divisional 
level and enable monitoring of rapid changes in the 
forests due to forest fires, shifting cultivation, etc. The 
combined use of IRS-1 C, IRS-1B and IRS-P2 data would 
provide better feasibility and enhanced capability to 
evolve new programmes in the forest management sector, 
especially in the forest inventories and microplanning 
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like Joint Forest Management (JFM) activities. National 
forest policy (1988) emphasizes the need to protect 
forests and calls for the involvement of forest dwellers 
in forest management. Towards this JFM activities have 
been initiated in most of the states. LISS-III and PAN 
data with their better resolutions are capable of giving 
details at compartment or village level. A case study 
in North Dangs, Bheskatri range covering 35 compart¬ 
ments has been initiated (Figures 10 and 11). 

Panchromatic data for forestry applications 

PAN scene covering parts of Ahmedabad was evaluated 
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North Dangs with compartments on 


Figure 12. PAN data in parts of Ahmedabad. 
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Figure 11. North Dangs classified for forest cover. 
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IRS-1A and IB data have been found to be useful in 
providing information on the extent and condition of 
coastal habitats, coastal processes and water quality 
of coastal waters. These inputs formed major elements 
for preparing coastal zone management plans. IRS-1C 
data having improved spatial resolution (5.6 m PAN 
data), extended spectral range (inclusion of middle 
infra-red band in LISS-III) and increased repetitivity 
(5 days for WiFS data) have opened up new vistas of 
applications in the coastal zone. Preliminary analysis 
of IRS-1C data indicates that coral reef zonation, 
identification of tree and shrub mangroves, seaweed/sea 
grass beds, improved delineation of coastal features 
such as fringe mangroves, mudflats, beach, dune 
vegetation, saline areas, etc. as well as better under¬ 
standing of suspended sediment patterns are now 
possible. These additional information will certainly 
form vital remote-sensing-based input for preparing 
coastal zone management plans. 

India has a long coastline of about 7500 km including 
that of its island territories and comprise 60 coastal 
districts. Coastal zone in India assumes its importance 
because of the high productivity of its ecosystems, 
concentration of population, exploitation of renewable 
and non-renewable natural resources, discharge of waste 
effluent and municipal sewage, development of various 
industries and spurt in recreational activities in and 
around the coastal zones. A principal concern of coastal 
zone management is to ensure a rational development 
of area and judicious use of its resources which is 
consistent with the surrounding natural systems and 
environment. Thus, environmentally effective coastal 
zone management depends upon accurate and comprehen¬ 
sive scientific data on which policy decisions can be 
based. The major issues which require immediate atten¬ 
tion in the context of management of coastal zone in 
India have been grouped in three areas 1 and are shown 
in Figure 1. Satellite data, especially IRS-1A, IB and 
P2, because of their multispectral, synoptic and repetitive 
capability, have proved to be extremely useful in creating 
baseline inventory of coastal wetlands 2-4 , coral reef 2 ’ 5-7 , 
mangroves 8 , monitoring of protected areas 9,1<j , selecting 
sites for brackish water aquaculture 11,12 , detecting 
shoreline changes 3,13-15 , studying coastal landforms 16 , 
estimating suspended sediment concentration and assess¬ 
ing the impact of engineering structures on suspended 
sediment patterns 17 . IRS-1C data have improved spatial 
resolution (5.6 m PAN data), extended spectral range 
(inclusion of middle infrared in LISS-III) and increased 


repetitivity (5 days for WiFS data). This unique com¬ 
bination has provided additional/ new information on 
certain aspects of coastal habitats, coral and mangrove 
ecosystems, improved accuracy in delineating shoreline- 
changes and better understanding of the suspended sedi¬ 
ment dynamics. The results of preliminary analysis of 
IRS-1C data for some of these aspects as mentioned 
above are described in this article. 

Coastal habitats 

Coastal habitats—especially wetlands, mangroves—are 
being cleared rapidly for urban, industrial and recreational 
growth as well as for aquaculture ponds. The information 
on loss of tidal wetlands is important as it provides a 
vital link in the marine energy flow through transfer of 
solar energy into forms which are readily usable by a 
wide variety of estuarine organisms 18 . The knowledge about 
areal extent, condition and utilization status of wetlands 
is vital for arriving at coastal management programmes. 

IRS-1C LISS-III data of Goa coast of 8 January 1996 
was analysed to study various coastal features. Many 
features such as mudflat, beach, fringe mangroves, creeks, 
dunes and dune vegetation were clearly delineated. It was 
observed that mangrove patches which are about 20-^10 
m wide and 100-150 m long and bordering creek areas 
are clearly distinguishable. These areas could not be detected 
in earlier studies. The identification of two types of 
mudflats, delineation of smaller creeks, distinction between 
beach and dunes as well as density-wise classification of 
dune vegetation are now possible using LISS-III data. 

IRS-1C PAN data of Tuticorin area, Tamil Nadu, 
acquired on 6 January 1996 was merged with IRS-1B 



Impact assessment 


I— Resource utilisation 
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Figure 1. Coastal zone management issues in India. 

CURRENT SCIENCE, VOL. 70, NO. 7, 10 APRIL 1996 



SPECIAL SECTION: IRS-1C 



RECLAIMED 

land* a 


mudflats 


MANGROVE^ 


BUILTUP 


g£& otownIvISSjIwIItII 8 wetland 
features 


JETTY 


AREA 


LISS-H data of 15 April 1996, thus using better spatial 
resolution of PAN data and multispectral ca P abl1 ^ 0 
LISS-H data (infrared, red and green ban s) or 
crimination of various coastal features. LISS-H data was 
registered with PAN data using well distributed control 
points (rms error -4 m). Cubic spline resampling tech- 
nique was used to resample 36 m resouion 
data to 5.8 m PAN resolution. Intensity, hue and satu - 
tion (IHS) transformation was done on the r ® sa ™P ® 
LISS-H bands. Further, intensity information o - 
was replaced by PAN data and IHS to ^-green-blu^ 
(RGB) inverse transformation was performed, 
tant output is thus a merged false colour composite 
(FCC) of IRS LISS-II and PAN data (Figure 2). 

It was observed that this product gi ye s improve 
accuracy in boundary delineation of tidal flat, beac , 
dunes, categorization of reclaimed area, delineation of 
jetty, built-up area, etc. Built-up areas such as roads 
railways, canals, salt pans, industrial buildings, godowns, 
etc. were distinctly visible. The reclamation is being 
done by depositing fly ash from the thermal power 

plant. The comparison between PAN, L1SS ' II and 
product is given in Table 1. Some of the effluent 
discharge points of fertilizer and other industries are 


visible in PAN data. This product is exttemely- useful 
in providing detailed information on 1.25,000 scale or 
larger about reclamation and construction activities- 
which are required for regulating these activities in he 
coastal regulation zone (the area between high tide line 
and low tide line and 500 m from high tide line). 

Coral reef ecosystem 

Coral reefs are being destroyed by siltation, logging, 
mining and pollution. Sedimentation of reefs reduces 
Kve coral and species diversity and fish biomass. w 
affected. The knowledge about various zones and their 
conditions will help to plan preventive and conservative 
measures to protect this fragile ecosystem. 

IRS PAN and LISS-n merged product, as described 
in the earlier section, was also evaluated for coral ree 
zonation. The merged product for Van and Koswar 
Zt located 7-10 km northeast off Tuticonn coast, 
was analysed using unsupervised K-mean clustering a 
lorifhm. The comparison of PAN. LISS-II and merged 
product is given in Table 2. It was possible to delineate 
four categories of reef based on dept ( etween 
and 20 m), beach and terrestrial vegetation (Figure 3 a, b). 


Figure 2. 


False colour composite of merged PAN and 


LISS-II data of Tuticorin area. 
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Sea grass beds and live coral zones were identified 
visually. The live coral areas, as small as 50 m 2 were 
identified. This is extremely useful to monitor condition 
of individual coral knoll/reef patch and it may be 
possible to identify coral bleaching, whenever it occurs. 
The sea grass bed, only 15-20 m wide, was clearly 
mapped. This will help in estimating total sea 
grass/seaweed resources available in an area. 

A coral pinnacle (~ 2 km 2 ), north-northeast of Okha 
in the Gulf of Kachchh was studied using LISS-III data 
(Figure 3 c). It was possible to delineate, for the first 
time, sea grass/sea weeds bed separately, reef flat and 
sand cay on a coral pinnacle. This will give improved 
understanding of coral reef ecology and geomorphology. 

Mangrove ecosystem 

Mangroves are important as they help in the production 
of detritus, organic matter and recycling of nutrients 
and thus enrich the coastal waters and support benthic 
population of sea. They prevent soil erosion, act as 
buffer for mainland from storms and thus protect coast 
from erosion. Above all they provide feeding, spawning 
and nursery grounds to many organisms apart, fronr a 
vast range of direct and indirect products, benefits and 
services to the human-being. 

IRS-1C LISS-III data of 1 February 1996 of northwest 
Gulf of Kachchh were analysed to identify various 
features related to mangrove ecosystem. Use of middle 
infrared was attempted essentially to distinguish tree 
and shrub mangroves. The combination of red, infrared 
and middle infrared bands helped in distinguishing tree 
mangroves, Rhizophora spp. and shrub mangroves 
Avicennia spp. (Figure 4a,b and c). This distinction 
was possible because of the different spectral properties 
of canopies of two types of mangroves produced by a 
combination of individual vegetative components, effects 
of plant growth, density and height. This new information 


Table 1 . Comparison of IRS PAN, LISS-II and merged 
(PAN + LISS-II) data for the Tuticorin coast, Tamil Nadu 


Category 

PAN data 

LISS-II 

Merged FCC 

Tidal flats 

Distinct 

Indistinct 

Distinct 

Beach 

Distinct with 

Indistinct 

Distinct sharp 


sharp boundary 

boundary 

boundary 

Spit 

Clearly 

demarcated 

— 

Clearly 

demarcated 

Mangroves 

— 

Demarcated 

Demarcated 

Reclaimed 

Distinct. two 

One category 

Distinct two 

area 

categories 


categories 

Salt pans 

Distinct 

Distinct 

Distinct 

Jetty 

Clear with 

Detection 

Clear with 


precise details 

possible 

precise details 

Built up area 

Clearly 

demarcated 

— 

Clearly 

demarcated 

Smoke plume 

Clear with 
direction 

— 

Clear with 
direction 


is extremely useful for biodiversity studies. This combina¬ 
tion also helped in distinguishing between i) sandy area, 
salt pan and saline area, ii) high tide, intertidal and 
subtidal mudflats, and iii) terrestrial vegetation, man¬ 
groves and dune vegetation. The delineation of small 
sand bodies (smallest is of size 0.25 ha), which demar¬ 
cated past position of shoreline, provided vital clues in 
understanding the growth patterns of this coast. 

Suspended sediment dynamics 

In India, in many major bays, estuaries, and seas, a 
large proportion of pollutants comes not from coastal 
sources such as dumping, industrial and municipal dis¬ 
charge (point source) but from watershed (non-point 
source). Among the many upstream activities known to 
degrade water quality in coastal areas major ones are 
logging, agriculture, dam building for power and irriga¬ 
tion, urbanization, etc. It is necessary to connect upstream 
polluting activities with coastal pollution. Suspended 
sediments which are readily recognized on images affect 
navigation, fisheries, aquatic life and recreational poten¬ 
tial of sea resorts. They also carry absorbed chemicals. 
The present satellites, IRS-1A, IB, P2, Landsat and SPOT, 
allow measurement of turbidity or suspended sediments 
especially in coastal area. However, these measurements 
cannot be used operationally because of their poor temporal 
resolution. WiFS data having 5-days repetitivity have over¬ 
come this lacunae, to a certain extent. 

WiFS data of Hooghly estuary of 24 January 1996 
and 31 January 1996 were analysed to study suspended 
sediment patterns. These two images were corresponding 
to high and low-tide time respectively (Figure 5). It is 
seen that during high-tide, large amount of sediments 
are in suspension compared to low-tide time, essentially 
due to high turbulence prevalent during high tide. During 
ebb tide, the sediments were concentrated in an alternate 
high and low concentrations. This also indicates that 
the flood and ebb currents follow different paths. It is 
necessary to analyse more images belonging to different 
tidal conditions to understand the effect of tides on the 


Table 2. Comparison of IRS PAN, LISS-II and merged 
(PAN + LISS-II) data for the coral reef areas, Gulf of Mannar, 
Tamil Nadu 


Category 

PAN data 

LISS-II 

Merged FCC 

Reef extent 

Distinct 

Distinct 

Distinct 

Live coral 

Demarcated 

— 

Demarcated 

zones 

Coral reef 

4 zones 

2 zones 

4 zones 

zones based 
on depth 

Seagrass beds 

— 

Demarcated 

Demarcated 

Vegetation 

Clearly 

demarcated with 
sharp boundary 

Demarcated 

Clearly 

demarcated with 
sharp boundary 
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Figure 5. Suspended sediment pattern during high- and low-tide time in the Ganges delta. 


movement of suspended sediments. The WiFS data of 
Kerala coast (6 January 1996) indicated that a sediment 
plume from the Kochi harbour made a sharp contact 
with the sediments along the coast, indicating two dif¬ 
ferent water masses. The gradual decrease in concentra¬ 
tions in sediments away from the coast suggests a 
regular dispersal pattern along the coast. The high 
turbidity in the backwaters was clearly visible. This has 
demonstrated that frequent repetitive coverage will pro¬ 
vide information on sediment dispersal. 

Conclusions 

i) The PAN data combined with the LISS-II data are 
extremely useful in providing detailed spatial information 
about reclamation, construction activity and ecologically 
sensitive areas, which are vital for the coastal zone 
regulatory activities. 

ii) The new information available from merged PAN 
and LISS-III data about coral reef zonation, especially 
for atolls, patch reef and also coral pinnacles, is valuable 
for preparation of coral reef conservation plans. 

iii) The distinction between tree and shrub mangroves in 
FCC (middle infrared, infrared and red bands) of LISS-III 
has provided vital information on bio-diversity studies. 
This could lead to identifying vital areas for preservation. 

iv) The high temporal resolution provided by the WiFS 
data is found to be a major improvement in studying 
behaviour of suspended sediments in the coastal waters. 
This would help in understanding movement of sediments 
and pollutants. 
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Use of IRS-1C data for geological and 
geomorphological studies 

D. P. Rao, A. Bhattacharya and P. R. Reddy 

National Remote Sensing Agency, Balanagar, Hyderabad 500 037, India 


Remote sensing technology has opened “ e w v jstas in 
geological mapping and related pf 5 T a ™c u 

the earlier satellites like LANDSAT, SPOT, IRS-1A 
and IB had limitation of spatial resolution restricting 
their usage mainly to semi-detailed studies The better 
spatial resolution data available from IRS-1C launc 
recently on 28 December 1»5 will be “ 

detailed mapping and studies up to 1.10,000 scale in 
this article we highlight the advantages and capab l t.es 
of WiFS, LISS-IH and PAN sensors data of IKb-lti m 
conjunction with appropriate ground truth information 
for geological applications. ______ 


Geology deals with different rock types that constitu e 
the earth’s crust, their origin, composition, chronology, 
structural and tectonic setting. Geomorphology deals 
with different landforms that characterize t e ear s 
topography, their origin, sequence of evolution, presen 
status and their future trend. The lithologic unit (roc 
type) and geomorphic unit (landforms) are the un amen 
tal units of geology and geomorphology respectively. 
Most of the natural resources like minerals, oil and gas, 
coal, groundwater, land resources (terrain and soi s) an 
microclimate which directly or inditectly contro 
industrial, agricultural, forestry and socio-economic 
development of an area are ultimately governe y 
geology and geomorphology of that region. Thus, or 
any type of economic development and planning, geo ogi 
cal and geomorphological maps form the basic inputs. 

The geological maps prepared from the convention^ 
ground surveys are based on the field observations ma 
along the traverse lines at regular intervals. While plotting 
such point information collected along the traverse mes 
on to topographic base and ultimately, preparing final 
maps by extrapolating the details, certain errors are 
unavoidable and lead to inaccuracies in the maps, ine 
advent of remote sensing has opened up new vistas in 
geological and geomorphological studies. Since t e 
development of remote sensing technology, the mapping 
procedures have undergone continuous change, resen y, 
the remote sensing techniques have assumed great si & 
nificance and have become an integral part o e 
mapping programme, especially at the regiona eve s 
and semi-detailed surveys. The geocoded data in t e 
form of photographic prints (imagery) act as a better 
data base for the field geologist. Pictorial data base not 
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only improves the accuracy of maps but also reduces 
the number of field traverses and point observations to 
the barest minimum, thus reducing the time and cost 

of the mapping programmes 1 . 

Earlier studies conducted using satellite data were 
more of a research nature, but now a stage has been 
reached where remote sensing has become operational. 
During the last two decades, satellite data have been 
extensively used by the geologists world over mainly 
for mineral prospecting 2 ’ 3 , oil and gas exp ° ratl °^’ 
groundwater targeting 4 ’ 5 , land resource mapping, geo- 
environmental evaluation, geo-engmeering studies, s 
tural and tectonic analysis, and seismotectomc s ud.es^ 
Initially, the coarser spatial resolution data (about 80 m) 
from the previous satellites namely Landsat 1, 2 and 
were mainly useful for regional level studies and map^ 
pina The subsequent satellites namely Landsat 4 and 
5 SPOT IRS-1 A and IB have provided medium resolu¬ 
tion data (around 20-30 m in multi-spectral and 10 m 
in panchromatic mode). However, due to the coarser 
spatial resolution and the consequent limitation of 
scale up to which it can be enlarged, the satellite data 
were not of much use in conducting detailed studies 
and mapping. Thus, by and large the entire geological 
community was looking for the sardlte dala with 
spatial resolution for large scale mapping “ d dc ‘ a,1 “ 
studies The latest remote sensing satellite IRS , y 
virtue of its improved sensor capabihties, is more useful 
for photogrammetnc purposes and relief studi , q 
in geology and geomorphology. 


Results and discussions 

An attempt has been made here to highlight the 
capabilities and advantages of the IRS-1C date 
cal studies, based on a quick study conducted over a 
test site in parts of Cuddapah basin, AP. Earliei, this 
basin has been geologically well studied 7 ’ . It is main y 
occupied by Proterozoic group of rocks comprising 
arenanceous, argillaceous and calcanous fac’es of sedi¬ 
ments intruded by basic sills. These are divlded ‘* t0 
older Cuddapah group and younger Kurnool gioup, 
deposited in a crescentic-shaped basin encircled by Penin 
sular gneissic complex. The western part of the basin 
comprising of both Cuddapah and Kurnool group of 
rocks, is more or less undisturbed as compared to th 
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eastern margin. The sediments along the eastern mar¬ 
gins are subjected to low grade metamorphism and 
thrusted over younger Kurnool formations lying 
towards their west along a major N-S trending thrust 
zone. 

Analysis of WiFS data 

Due to its coarse resolution and higher swath width, 
the WiFS data cover the entire Cuddapah basin in a 
single imagery thereby, providing synoptic overview of 
the entire region. It has been found to be highly useful 
in regional level correlation of statigraphy, sedimentation, 
structure, tectonics, metamorphism and igneous activity 
within the basin and outside, besides helping in regional 
geomorphic understanding related to erosion and deposi¬ 
tion, neotectonism, etc. which have enough applied 
significance. As the test site selected (Cuddapah basin) 
was studied in detail earlier, the WiFS data provided 
clues for observing and reviewing of the same details 
again, besides giving some additional information on 
the regional level faults/lineaments. However, in the* 
regions which are not mapped and studied earlier in 
greater detail, the WiFS data are likely to provide 
significant additional information on the above lines. A 
quick look at the WiFS FCC image (433= RGB, Figure 
1) of Cuddapah basin has shown the following: 

1 * The true shape, size and geometry of the entire basin 
with different rock formations in their exact spatial 
relationship. 

2 . The moderately dipping nature of the Cuddapah group 
of rocks forming homoclinal ridges along the western 
margin unconformably overlain by gently dipping Kur¬ 
nool group of rocks forming cuestas. The Kurnools in 
turn are terminated against the thrusted contact of steeply 
dipping younger Cuddapah formations forming structural 
hills in Nallamalai ranges. 

3. Truncation of Kadiri and Valigallu schist belts and 
several dykes along the western, northern and southern 
margins of the Cuddapah basin, indicating their burial 
below the younger rocks of Cuddapah group. 

4. The tight folding of younger Cuddapah group of 
rocks along the eastern margin and producing Ishwara 
Kuppam dome (K), in contrast to less disturbed Cuddapah 
and Kurnool group of rocks in the west. 

5. Tracing continuity of regional faults of startigraphic 
and tectonic significance, cutting across various lithounits 
and identification of some major lineaments which were 
unknown earlier. 

6 . The geomorphological features such as hogback ridges 
formed by steeply dipping Cuddapah group of rocks in 
contrast to the cuestas formed by gently dipping Kurnool 
group of rocks. 

620 


Analysis of LISS-III data 

Figure 2 shows the standard FCC imagery generated 
by combining bands 4, 3 and 2 of LISS-III camera. It 
can be seen that the amount of details which could be 
interpreted from the LISS-III data are much more than 
what could be mapped from the conventional ground 
surveys in that particular scale. The boundaries between 
different lithological units, i.e. Paniam quartzite (A) 
forming cuestas, Owk shale (B), Narji limestone (C), 
Banganapally sandstone (D) exposed along cuesta scarps, 
Tadipatri shales (E) and basic sills (F), both forming 
homoclinal ridges, could be mapped more accurately. 
Basic sills are the intrusives in the Tadipatri shales. 
Similarly, within Narji limestone, further sub-divisions 
could be made but because of the scale limitation, these 
units could not be mapped. A number of minor structural 
details likes faults, fractures and joints could be observed 
very clearly on the FCC imagery. Several faults shown 
as F-F on the image, could be mapped very easily 
indicating shifts in the geological formations. Conjugate 
fractures and joints (I) have also come out very clearly 
on the imagery. It has been found that the LISS-III 
data can be enlarged up to a maximum of 1 : 30,000 
scale without losing the clarity (Figure 3 a , in reduced 
scale). 

Analysis of PAN data 

The panchromatic data of PAN camera with 5.8 m spatial 
resolution are found to contain finer geological, structural 
and geomorphological details than any other satellite 
sensor so far. Even the minute details like the stagewise 
lithology, i.e. flaggy limestone on the top and bottom 
separated from the massive limestone in the middle by 
thin bands (white lines) of shaly limestone, could be 
mapped clearly using the PAN imagery on 1 : 15000 
scale (Figure 3 b, in reduced scale) whereas these units 
could not be mapped on LISS-III data (Figure 3 a, in 
reduced scale). This high resolution data notwithstanding 
large scale enlargements up to 1 : 10,000 scale is found 
to be of exceptional value in displaying minor lithologic, 
structural and morphologic details which are of high 
applied significance. A hybrid FCC (Figure 3 c) of 
LISS-m (43 = RG) and PAN (blue filter) was generated 
to have the advantage of finer spatial resolution of PAN 
and the higher spectral resolution of LISS-m. Figure 3 b 
shows that the discrimination of Paniam quartzite from 
that of the Owk shale is not clear in the black and 
white mode; whereas, in the hybrid FCC (Figure 3 c), 
these two lithologic units could be easily differentiated. 
Because of their narrow width and discontinuous nature, 
many of the geological features which are overlooked 
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) of 

been 


during the ground surveys can be picked up more and studied advantageously using the IRS-IC data. Fur- 
accurately and mapped using these data. The minor ther, a number of less obvious second order taults/irac- 
faults which are often not apparent on small scale tures that branch-off from the main faults/fractures could 
imagery because of resolution limitation, can be detected be interpreted and mapped easily. 
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Figure 2. IRS-1C LISS-III FCC (432 = RGB), part of Cuddapah basin, AP. A, Paniam quartzite; B Owk shale- C Narii limestone- D 

S‘T F b, B „t«f S ** H - B ” d ‘ <■ °* —; I, fractures; k-F. 
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, , , • ad „ t IOC TIT FCC f432 = RGB); b, PAN data (panchromatic); c, Hybrid-FCC of LISS-III 

Figure 3 a-c. IRS-tC data, part of Cuddapah basin, AP. a, LISS-III FCC (432 kubj, 

(43 = RG) and PAN (blue filter). 


Conclusions 

The IRS-1C data of WiFS, LISS-III and PAN sensors 
are found to be highly useful for geological studies^ 
The WiFS camera provides the synoptic coverage of 
large areas useful for regional scale mapping and under¬ 
standing. The multi-spectral LISS-III data with high 
spatial resolution of 23.5 m is useful for semi-detailed 
mapping up to 1 :30,000 scale. The panchromatic data 
are found to be useful in detailed mapping up to the 
scale of 1 : 10,000. Finer geological features like traces 
of beddings and minor joints can be easily identified 
and mapped using these data. 

By the conjunctive use of all the four data sets, i.e. 
WiFS, LISS-III, PAN imagery and PAN stereo pairs 
when properly used and interpreted in conjunction with 
appropriate ground truth data, it will provide a wealth 
of information for the geology-related studies. 
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Cadastral applications using IRS-1C 
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It is well known that remotely sensed data from 
satellites have the advantage of synoptic view of large 
areas repetitively in a multi spectral mode. The Landsat 
series of satellites since 1972 provided spatial resolu¬ 
tions starting from 80 m to 30 m and later SPOT 
satellites provided resolution in panchromatic mode 
up to 10 m. The scales of mapping improved with 
resolution, making it possible to map up to 1:50,000 
scale. Indian Remote Sensing Satellite series started in 
1988 with IRS-1A and later IRS-1B followed by IRS 
P2 provided resolution which made it possible to map 
up to 1 : 50,000 scale. Towards realizing the potential 
high resolution of IRS-1C data, an attempt has been 
made here to see how best this data can be used for 
the development of rural areas in our country. Three 
study areas have been selected in different parts of the 
country for this study. They are (i) part of Dharmapuri 
district in Tamil Nadu, (ii) part of Chandrapur district 
in Maharashtra, (iii) part of Ahmedabad district in 
Gujarat. PAN data of 5.8 m resolution and multi 
spectral data of 23 m resolution have been studied 
using the powerful computer systems available. Com¬ 
patibility of IRS-1 C data by overlaying on cadastral 
maps has been studied and it was found that there was 
a very good geometric fidelity of the satellite data when 
overlaid on cadastral maps of different study areas. 

A cadastral map contains methodically arranged infor¬ 
mation on all properties (Parcels or Survey Numbers) 
within a given village or tehsil or district. The boundaries 
of properties or survey numbers are normally shown on 
large scale maps (1:4000 to 1:8000), together with 
village registers, in which the further details of the 
property namely—ownership, landuse, its value, size, 
etc.—are written for the purpose of collection of revenue 
from land, based on its use and also to ensure the 
security of the property to its owner or the legal heirs 1 . 

The cadastral system is advantageous both to the 
citizen having land properties as well as to the govern¬ 
ment in that 

- the documented evidence of land ownership as a 
cadastre provides legal security and reduces or 
eliminates the risk of grabbing the property by others 

- dealings in property transactions are easier, clear, 
faster and safer 


- establishment of an orderly, efficient and equitable 
system for levying land or property taxes and also 
for implementation of land ceiling act 

- the data from the cadastral system provide an inventory 
and monitoring of the existing landuse towards deter¬ 
mining the sustainable future landuse, its implemen¬ 
tation and management 

“ once satellite-based cadastral system is established 
throughout the country, it enables a considerable 
savings to the government for its updation and realistic 
implementation towards any changes in use of parti¬ 
cular land. 

Cadastral maps have been an indispensable tool for 
the administration in dealing with day to day revenue 
and development activities in the district. The administra¬ 
tive staff at field level are more conversant with cadastral 
maps rather than any other type of maps. Cadastral 
maps having details of development activities survey 
number wise will facilitate the district administration to 
take up implementation of these tasks. Updating the 
cadastral information is very essential so that transfor¬ 
mations/changes of ownership/division of properties, etc. 
can be recorded in an orderly manner for documentation 
and further use 2 . In the past, this exercise was done by 
using chain survey and recorded in registers by village 
patwaris. With the advent of remote sensing technology 
these records in the form of maps can be updated as 
satellite remote sensing provides details of the study 
area approximately once in two weeks with higher 
spatial resolutions. Satellite imagery which forms the 
base for the generation of action plan maps, if overlaid 
on cadastral maps, can improve the details of the 
thematic maps as well as action plan maps. It also helps 
in the monitoring of changes that can be measured at 
plot/survey no. level 3,4 . 


Objectives 

The study has been conducted with the following objectives. 

- Overlaying of cadastral maps on IRS-1C PAN and 
LISS-III images. 
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- Correlation of landuse information available within 
each cadastral boundary on IRS-1C images. 

- Study of spatial registration of each survey number 
with existing landuse as recorded in village registers 

(adangals). . , . . 

-Comparison and updation of cadastral information 

using the latest data from IRS-1C images. 

Study areas 

Three areas, viz. (i) a cluster of six villages in Dharmapuri 
district in Tamil Nadu, (ii) A cluster of Ten villages in 
Chandrapur district, Maharashtra and (in) one village, 
Moraiya in Ahmedabad district, Gujarat have been studied 
to overlay the respective cadastral maps on IRb-lC rAiN 
image and PAN-LISS-ffl merged image on approximately 
1 ; 12,500 scale and reduced to 1 :50,000 scale. 

Materials 

The data used for the study included: 

1. IRS-1C digital data of PAN and LISS-III of January 

^Cadastral maps on 1 :5,000 scale obtained from 
Directorates of Land Records and Settlements situated 
at Madras, Bombay and Ahmedabad for the respective 
study areas. 


3. Village Registers and Records. 

4. Topomaps of Survey of India on 1 : 50,000 scale of 
the respective study areas. 


Methodology 

The cadastral maps of the study villages were scanned 
using the Centex Black and White Scanner at 200 dpi. 
The raster data of all the maps thus obtained were 
vectorized and edited for the missing and non-relevan 
data using data path (RVCS) package. The individual 
cadastral maps after editing, were mosaiced. The bou 
daries between two adjacent villages were checked an 

corrected for proper mosaicing. 

Survey of India toposheets of the respective study 
areas were also scanned using the Tangent Colour 
Scanner with 200 micron aperture, edited and mosaiced 
to be used as a single study area map. 

Survey of India topomap was used as a reference for 
co-registration among the cadastral, IRS-1C PAN and 
LISS-III data. This was achieved by collecting Groan 
Control Points (GCPs) commonly available on all the 
datasets by employing geometric rectification technique 
available on the GCP works of the EASI/PACE image 
processing package at NRSA, Hyderabad and SAC 
Ahmedabad and VIPS-32 systems at RRSSC, Nagpur 
for the study areas in Dharmapuri, Ahmedabad and 


Table 1 . Ground control points and RMS errors 


Resampling error Geo referencing image 

RMS error - ' Y 

GCPs (in pixel) X __ X —- 

-— ■ ‘ > 


A 

1.86 

-1.19 

B 

0.55 

-0.50 

C 

0.67 

-0.07 

D 

0.38 

-0.3 

E 

0.43 

0.43 

F 

0.30 

-0.23 

G 

0.39 

-0.16 

H 

0.71 

-0.32 

I 

0.11 

0.10 

J 

0.94 

0.86 

K 

0.45 

-0.44 

L 

0.05 

-0.01 

M 

1,05 

0.85 

N 

0.72 

0.34 

O 

0.63 

0.26 

P 

0.71 

-0.11 

Q 

0.12 

-0.11 


1.44 

906.4 

559.4 

-0.21 

1067.4 

765.4 

-0.67 

115.2 

626.7 

-0.22 

891.1 

718.1 

0.07 

1025.6 

818.1 

0.19 

886.5 

775.5 

-0.35 

1040.1 

785.6 

0.64 

1116.9 

717.1 

-0.03 

912.6 

493.6 

0.36 

1157.1 

761.9 

0.06 

1185.4 

752.4 

0.05 

1226.5 

501.5 

-0.61 

955.5 

593.5 

-0.64 

862.6 

532.4 

0.58 

1183.5 

701.5 

-0.70 

1209.6 

749.6 

0.05 

1095.1 

848.1 


Third order overall RMS error: 0.76 (X) 0.84 (Y). 
Note: X, Y = Pixel location. 


Uncorrected vector 


X 

Y 

269.9 

481.1 

570.1 

762.6 

606.1 

536.6 

289.9 

729.9 

520.4 

853.9 

296.9 

820.6 

533.9 

880.2 

633.1 

676.6 

264.9 

377.4 

707.9 

734.4 

747.1 

711.4 

744.5 

314.1 

354.7 

522.3 

199.4 

445.1 

731.1 

633.9 

783.6 

699.1 

634.4 

882.4 
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Chandrapur districts respectively. An example of ground 
control points and RMS errors is shown in Table 1, 
with regard to Dharmapuri study area. 

After the co-registration process, the map containing 
all the villages with cadastral information was overlaid 
on IRS-1C PAN and multispectral images. 

Results and discussions 

Study area 1 

With regard to six spatially contiguous villages of Dhar¬ 
mapuri district, Tamil Nadu, two vector plotter products 
were generated using IRS-1C PAN and merged product 
of PAN and LISS-III data. These are shown in Figure 
1 and Figure 2 respectively. The boundaries of cadastral 
maps matched well with image detail with respect to 
various features such as roads, railway line, streams, 
reserve forest boundary, plantation crops and other dif¬ 
ferent agricultural fields. The error for image to cadastral 
registration was of the order of less than a pixel in 
general. It is clear from Figure 1 and Figure 2 that the 
landuse information at cadastral level can be updated 
using the high resolution IRS-1 C imagery with great 
accuracy. 


Study area 2 

The cadastral map overlaid on false colour composite 
of simulated IRS-1C image of part of Chandrapur district 
is shown in Figure 3. A cursory look reveals that the 
overall registration of cadastral information on simulated 
IRS-1C image was extremely good with respect to 
various cultural and natural features like, roads, streams, 
agricultural fields, reserve forest boundary, etc. with a 
residual error of 0.5. 

Study area 3 

The cadastral map of Moraiya village in Ahmedabad 
district, Gujarat overlaid on IRS-1C image is shown in 
Figure 4. The accuracy of registration of cadastral map 
with satellite imagery was measured. The root mean 
square error was found to be 11 m. In the southeast of 
the village, some new linear geometric shapes (A) were 
seen which were not existing in the map. During ground 
truth, it was confirmed that these were new industries. 
The extension of village (B) in the particular survey 
number was clearly seen. Some new agricultural fields, 
which were not there on the map were seen in the 
imagery (C). 



Figure 1. Cadastral plot on IRS-1C PAN image, part of Dharmapuri district, Tamil Nadu. 
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., part of Dharmapuri district, Tamil Nadu. 



Figure 3. Cadastral maps 


overlaid on false colour composite of UMA 


Gani watershed, Chimur taluk, Chandrapur district. 
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Figure 4. Cadastral map of Moraiya village in Ahmedabad district 
Gujarat overlaid on IRS-1C image. 


Conclusion 

The study suggests that the high resolution (PAN and 
LISS-III) satellite data can be registered with the cadastral 
maps and a remarkable accuracy (less than 1 pixel size) 
has been achieved. Further, it reveals that the cadastral 
information in the form of maps and records can be 
updated using IRS-1C high resolution data of appropriate 
time or cropping season. 
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